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The ‘ENGLISH ELECTRIC’ 330 kV 10,000 MVA air-blast circuit-breaker 
P i te. 5 ehh at Hydro Quebec’s Bout de [' He terminal station. This breaker stands at 
LIsH ELECTRIC’ air-blast circuit-breakers the Montreal end of a 400-mile 300 kV transmission line from Bersimis 


Ter for leno voltages ranging generating stations where four ‘ENGLISH ELECTRIC’ 175,000 h.p. Francis 
fom 13 to 550 kV. water turbines and five 12 ft. straightflow valves are installed. 
Also at the Bout de I’ Ile terminal station are eighteen*ENGLISH ELECTRIC’ 
138 kV 5,000 MVA air-blast circuit-breakers, controlling the 138 kV distribu- 
tion network. 
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SWITCHGEAR DEPARTMENT, STAFFORD 





The ENGLISH ELECTRIC Company Limited, English Electric House, Strand, London, W.C.2, 





33-kV 1000-MVA, compound-filled, metalclad switchboard 





POWER STATION SWITCHGEAR 
SOUTHERN 
RHODESIA 


Consulting engineers 
Messrs, Merz and McLellan 





3-3-kV air-break circuit-breakers and a 480-volt auxiliary board 


Reyrolle supplied the 
main and _ auxiliary 
switchgear and control 
equipment for No. 3 
power station for the 
CITY OF SALISBURY 


Southern Rhodesia. 


Reyrolie 


A. REYROLLE & COMPANY LIMITED - HEBBURN - COUNTY DURHAM - ENGLAND 
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DE ROLL 


Shut-off Valves 


our speciality 







This is the stone 
4 that makes 
the tower 


324 







stand or fall. DE ROLL Butterfly Valve, 
In a Power Station automatically shutting 
it is the Shut-off Valves in the event of penstock rupture, destined for 
a Zongo Power Station (Congo), 
that provide for the safety nominal diameter 4000 mm (157 in.), 


of the entire plant working pressure 3,77 kg/cm? (54 psi) 
with Rope/ Weight Drive for shutting 

and thereby and oil-pressure 

make it stand or fall operated Ring-Piston Servomotor for opening 


DE ROLL Iron Works. Klus (Switzerland) 
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For many years ESC has been the 
leading supplier of steel forgings 
to many vital industries. 
Forgings in weights up to 175 
tons are manufactured in our 
high quality carbon and alloy 
steels—single piece engineering 
units produced from ingots 


weighing up to 300 tons—and 


other forgings from ingots 


30 cwt. and upwards—for all 


branches of engineering. 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD. 


River Don Works, Sheffield A wholly owned subsidiary of Englisti Steel Corporation Ltd. 


Illustrations show a forging 
operation under a 7,000 ton 
electro-hydraulic press, rough 
machined and black forged steel 
Turbine shafts, 22’ 11” long, 

3’ 8” diameter with 6’ 2” and 
6’ 4” diameter couplings— 
Weight as forged 1114 tons, 
rough machined 70 tons—for a 
modern hydro-electric power 
project. 
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Boving robust design 
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Mtn, HHA Yay, 4 





The illustration shows Boving Patent Rotary 
Valves in course of construction. These valves 
are used in high-head instailations and are 


particularly notable for their — 


SIMPLICITY-LOW HEAD LOSS - ROBUST DESIGN 





Boving re? eveane Lesson woe 


& CO LiMiTED. 





BeNAetat .tarte 


Constant research into design 

and production methods, backed by 
the latest advances in technology, 
maintain Boving Quality 

at the highest standard. 

Simplicity and quality finish 
achieves increased reliability 

and reduces costly outages. 


HOUSE 


P.6179 
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TRADITIONAL SWISS 
ENGINEERING SKILL AND QUALITY 


KRIENS 


Bell Engineering Works Ltd. 
Kriens/Lucerne (Switzerland) 
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64'000 HP Pelton:Turbine Goschenen 


A century of experience in design and 

construction of waterpower- 

equipment and constant research 

in two hydraulic laboratories, 

one of them especially equipped for cavitation tests, 
assure the reliablity and 

efficiency for which Bell turbines 

are renowned 


Bell builds: 

Water Turbines, Spherical straight flow valves, 

Butterfly valves, Penstocks and supply pipings, 
Pressure tunnel liners, 

Partially or fully automatic and remote controlled plants, 
Power house cranes, 

Towers for transmission lines, 

Water control equipment 


Some projects with Bell Equipment: 

Francis Turbines - Guyabo (E! Salvador) head 56 m, 
24’800 HP - Barenburg (Switzerland) head 340 m, 85’000 HP 
(Supply together with Charmilles) 

Pelton Turbines - Gdschenen (Switzerland) head 698 m, 
64'000 HP - Sedrun (Switzerland) head 588 m, 70’000 HP 
Kaplan Turbines - Wildegg Brugg (Switzerland) head 15,3 m 
34°000 HP - Petéjaskoski (Finnland) head 19 m, 67’°600 HP 
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oe 1s worn , (ITALY) 


WFORGE FO tae CAL DEPARTMENT 


A te ; 
| OLE REPRESENTATIVES IN THE UNITED KINGDOM 
GUEST INDUSTRIALS LTD - 5 Fenchurch St - London EC3 








HIGH MARNHAM 
12 Upright Posts 


Comprising 
6 Switchgear Type 
6 Busbar Support Type 


3 For Inverted Mounting 


AT 


AT MONK FRYSTON 


5 Upright Posts 
3 inverted Posts for 


Busbar Supports 


RIAL PORCEL 








AINS LIMITED. 
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MORE POWER FOR FRANCE 
To Electricité de France the Savoy 
Alps mean power. The Roselend 
Valley project, for example, involves 
building two dams and a 476,000kW 
power station—the most powerful 
in the country — which will increase 
France's power reserves by 1,000 
million kW a year. Atlas Copco 
equipment has been used almost 
everywhere at Roselend —the main 
tunnels being drilled with more than 
100 Atlas Copco rock drills and 
many thousands of Sandvik Coro- 
mant steels. 


THROUGH THE HEART 
OF MONT BLANC 
On completion of the seven-mile 
Mont Blanc road tunnel motorists 
will find Paris 137 miles nearer 
Turin. For the first time they will be 
provided with anAlpine link between 
France and Italy open all the year 
round. More than half the tunnel is 
being driven from the Italian side 
using Atlas Copco rock drills fitted 
with Sandvik Coromant drill steels 
and powered by Atlas Copco 
compressors. 


OIL PROSPECTING IN THE 
SAHARA 


In the continuing search for hidden 
oil resources in the Sahara, seis- 
mic prospecting techniques are 
often employed. Many prospecting 
companies use Atlas Copco equip- 
ment to drill the hundred or more 
sounding holes for each blasting 
pattern. Typical of the units used 
for this work is the Atlas Copco 
truck-mounted compressor — air 
cooled for desert operations — driv- 
ing a chain-fed rock drill with 
Sandvik Coromant drill steels. 






















































Atlas Copco's contribution to the jet age—an 
Air Partner starting a jet airliner at London Airport 
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THE TREND IS TOWARDS 
AIR PARTNERSHIP 
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ompressed air is power. Little more than one minute is needed for the Atlas Copco “Air 
Partner” to start the four-engine jet giants of today. Many of the world’s principal airlines 
now use this mobile screw compressor unit-and at Idlewild, London, Orly, Dusseldorf, 
Hong Kong and other major airports the Air Partner is regarded as an essential part of the 
ground service facilities. 

Wherever you go you will find Atlas Copco equipment at work; portable compressors 
for a new Middle East pipeline, sprayguns at Jaguar's Coventry works, loaders in the 
German coalmines or rock drills for Ghana’s new Tema Harbour project. The company's 
air-tools are used to build Sud-Aviation’s Caravelle. Philips, Vauxhall and |.C.l. have 
chosen Atlas Copco compressors for applications where continuous air supplies are vital. 
With companies or agents in more than 100 countries, Atlas Copco is the world's 
largest organisation specializing in this field. Wherever you are, the international Atlas Copco 
Group will advise you on the applications of compressed air and provide a complete after- 
sales service. 


Atlas Copco puts compressed air to work for the world 
* Saami SALES AND SERVICE IN OVER 100 COUNTRIES 
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105,000 k VA Water-Wheel Generators 





A LOT OF LIFE’S COMFORTS START AT 


MITSUBISHI ELECTRIC 


When you think of giant generators, you rarely think of their vital part in making 
this world a more comfortable place to live in. Yet Mitsubishi Electric’s great 
generators and transformers, plus many large and small home appliances all do 
8 arene every day in countless ways. Backed by a long history of outstand- 
ing achievements, distinguished by the famous Mitsubishi Brand. Do think about 
it the next time you see the THREE DiAMONDS on an electric appliance. 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 


q MITSUBISHI ELECTRIC MANUFACTURING COMPANY 
ae 
12 
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HYDRAULIC STRUCTURES 


Drum weirs, as gates which can hydraulically be 
controlled, are suitable for operation entirely 
independent of mechanical or electric driving 
mechanisms and need no special attendance. On 
account of their special design and reliable automatic 
control they afford highest possible safety in 
operation and protection against irregularities of 
the regimen of water. 
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MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) 
REPRESENTATIVES IN ALL COUNTRIES 











Sharia El Nil 
EGYPT 


3 shaft seals 


Bjurfors ; 


in the. North of SWEDEN 


CARBON 
SEALS 
PACKINGS 


for big Water Turbines 


Clave MMe] | Munateh'Ze]o)(-ME-lale[lal-Mm oko ar = 


INGFA 
Stockholm 29 
SWEDEN 


Tel. 610290 


itl telgelule 
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COCKBURN- 
ROCKWELL 
BUTTERFLY 
VALVES 
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HIGH PRESSURE 
HYDRAULIC CYLINDERS 





HYDRAULIC PUMPS 


HYDRAULIC 
ACCUMULATORS 


, solve | 
your control | 
* problems with | 


VACUUM WORK HOLDING CLAMPS 








HYDRAULIC POWER UNITS 





HYDRAULIC & 
PNEUMATIC 
EQUIPMENT 


HIGH PRESSURE 





H.P. Equipment provides pre- | wypRAuLic 
cise control over the most HAND PUMPS & SEALS 
complicated operations— 

VACUUM AND COMPRESSOR UNITS simply, speedily and economic- 


ally. The exceptionally wide 
range and choice of both Pneu- 
matic and Hydraulic equipment 
enables you to plan exactly the 
most efficient system for your 
particular application. You are 
invited to call on the services 
of our specialised team of 
Control Engineers at any time. 





SOLENOID OPERATED 
VALVES 








Write NOW for fully illustrated 
literature on the complete range 


PNEUMATIC AND 
HYDRAULIC VALVES AND 
CYLINDERS 





FULLWAY HIGH PRESSURE VALVES 





HYDRAULICS & PNEUMATICS LTD. WULFRUNA WORKS, 


VILLIERS STREET, WOLVERHAMPTON 
Telephone: Wolverhampton 24456 - - - 
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PRAHA CZECHOSLOVAKIA 





SMALL 
WATER POWER 
PLANTS 


for a head of 4 m up to 26 m 
output of 5 kW up to 120kW 


Very advantageous due to their simple 
construction. Fully automatic. Operate 
with the smallest water streams. 


We invite you to come and see our exhibition at the 
3rd International Trade Fair Brno, 10-24 September, where we 
will be showing some of the latest achievements in the : 


Czechoslovak engineering industry 
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79V4 - YAINNOD 


PER 
STOCKS 


4 PENSTOCKS Downstream portion of 
OR HIGH (il FOR HIGH CAFFARO Power Plant (Italy) 
: CAPACITY 
POWER 
SCHEMES - 
LARGE SIZE : f 
VALVES AND _ 
GATES FOR HYDRAULIC r Sr 
FORGINGS-RAW AND MACHI- 
NED CASTINGS OF STEEL, 
CAST-IRON - SEAMLESS ROLLED 
POWER STEEL RINGS AND FLANGES. 
Y 


PLANTS-SEAMLESS STEEL CY- 
LINDERS FOR GASES - STEEL 
Sg 
GG, ~ » 
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a ase. 
Headquarters: via Zora 12 - BRESCIA (Italy) 
P. 0. Box 308 - Brescia - Phone 53.361 


Represented in the U. K. by: E TUBIFICIO — 
~ 


LA. POOLE « Company - Clun House - 17 Surrey Street > f tee ~ 
Strand, London W.C.2-Phone: Covent Gordenooz/2. LOL BRESCIA’ 7 
BS ive, et E.. 34 Fan, © ; 
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ALLIS-CHALMERS 
































































































a fo, h, PERFORMANCE CURVES 
A [Ses “cose n. 7H, 873 RPM 
| +, 81% ‘ dob 
sort > 
ol | . — Performance curves of 
x \ x: * the A-C adjustable- 
i 3 4 XY blade axial flow pumps 
uw a | N aN for Willow Glen 
= 2 e we . NG. illustrate their extreme 
z w ro a flexibility. Pump 
reg . xe . 70% operation is not 
< 2 » — 7 restricted to a single 
x Z ~~ ete JAS head-discharge curve as 
x a XQ >. ee Se Sp Aco is the case with fixed- 
Q 20-2 — = blade pumps, but 
a NX eo? provides any discharge 
= > 40% and head combination 
je Ries within the limits of 
‘5 3g motor horsepower and 
fe} Fy Bi Cc ° E* proper submergence. 
rs) 1 LL ls ea 150 


DISCHARGE IN CUBIC FEET PER SECOND 


V i rp. is design 
lalcae- late more): cting illow Glen Plant at 
t. Gabriel, La 


Gulf States Utilitie: 


Mississippi River for 








Flexibility and efficiency make Allis-Chalmers 
adjustable-blade pumps choice for Willow Glen 


Two 30-inch Allis-Chalmers adjustable-blade 
axial flow pumps provide condenser water for 
Unit #1 at the new Willow Glen Power Sta- 
tion. To meet requirements at minimum river 
level, with water temperatures that vary be- 
tween 39°F and 90°F, the pumps were designed 
to deliver a total of 76,000 gpm against a 54- 
foot total head. 

Extreme variation of suction pool elevation 
and the flexible condenser operation required 
for this station made adjustable-blade pumps 
the logical and economical choice. A-C ad- 
justable-blade pumps attain relatively high 
efficiencies over a wide discharge and head 
range. This is accomplished by varying the 
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Outside United States contact Allis-Chalmers International, or in Canada, Canadian Allis-Chalmers 


pitch of the impeller blades while the pump is 
operating at constant speed, This adjustability 
keeps pumping costs at a minimum by combin- 
ing low starting torque 
with high average effi- 
ciency. 

Pump Bulletin 165 
will give you complete 
information on high 
capacity axial flow 
pumps. To get your 
copy, write to Allis- 
Chalmers, Hydraulic 
Division, York, Penn- 
sylvania. 

















Hydraulic 


Generator 


Another 
Big 


Turbine 
and 


by 
Hitachi 


Hitachi has recently completed two 137,500 kW/125,000 kVA hydraulic turbines and generators 
for the Miboro Power Station in Central Japan. The turbine is of the vertical-shaft Francis type, 
and specified for a speed of 225 r.p.m., a maximum effective head of 200m and 76.6 cu.m/sec. 
water flow, making it one of the largest units of its kind in the world. Its runner has a maximum 
diameter of 3.7m and the main shaft a diameter of 95cm. The spiral casing, which was construc- 
ted in 13 sections to facilitate transportation to the site, has an inlet diameter of 3.35m and an 
outer diameter of 11.2m. 


The generator presents a high-torsoed appearance, having been so designed in consideration of 
the comparatively high speed. Since the generator was designed for a rated voltage of 16,500 
volts and. in this respect, represents the first such attempt in Japan, particular care was taken 
in the corona-shielding and impulse resistance of the stator winding. The generator is rated at 
60 cycles, 225 r.p.m. and 0.9 power factor, but is also capable of operating at 50 cycles, 187.5 
r.p.m. and 1.0 power factor. 
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Cable Address: “HITACHY" TOKYO 
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PLAN ORGANIZATION 
OF IRAN GOVERNMENT 


DEVELOPMENT 
& RESOURCES 
CORPORATION 

NEW YORK 


HYDROELECTRIC PROJECT '*% ty 
ON THE DEZ RIVER—IRAN on ¢ oe Se 


CIVIL WORKS CARRIED OUT BY IMPRESIT-GIROLA-LODIGIANI IN JOINT VENTURE: WITH K.G.T.—TEHERAN 


IMPRESIT-GIROLA-LODIGIANI 


S.P. A. 
MILANO-ITALY 


VIA GAETANO NEGRI, 4 


PARENT FIRMS 


IMPRESE ITALIANE ALL’ ESTERO-IMPRESIT-S.P.A. 





IMPRESA UMBERTO GIROLA 
IMPRESA ING. LODIGIANI _ S.P.A. 









for dams 
and elsewhere 


















SLUICE 





TAILRACE 


” 





SLUICE 


Head Office & Works: KILMARNOCK 


The Borland type of fish lift is 
an established part of hydro- 
electric practice. 

It enables migratory fish to pass 
upstream or downstream of dams, 
or other obstructions, under almost 
natural conditions with the mini- 
mum effort, by means that effect 
considerable savings of funds and 
improved general amenities. 

In operation it is essentially 
automatic, and can be adjusted to 
any desired time cycle to suit pre- 


vailing conditions. 


a ¢zwW  ga—s_a 


/ 











= — J 
BOLENFIELD & KENNEDY. LIMITED KILMARNOCK Jf 











SCOTLAND 
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SOCIETA ROMANA DI-ELETTRICITA - SOCIETA IDROELETTRICA ALTO LIRI ~ ROMA ITALY 


PONTECORVO HYDRO-ELECTRIC PROJECT 





CONCRETE PRESTRESSED SLABS 1s: THICK DESIGNED, MANUFACTURED AND INSTALLED 
FOR THE LINING OF THE 5 fey HEADWATER CHANNEL 


COSTRUZIONI GENERAL FARSURA 


-COGEFAR SpA. 


Galleria Passarella 1 - Milano - Italy 


Civil engineering contractors 
Hydroelectric projects - Dams - Tunnels 
Airports - Roads - Public works 





Electricite de France 
2 Francis Turbines 114,300 HP each, under a head of 


124,5 metres, speed 214 t/min., during erection in 
the power station of 











Vevey Engineering Works ltd in collaboration with our French licensee: 


Cie des Ateliers et Forges de la Loire, St-Chamond (Loire) 
Vevey (Switzerland) 





Turbine No.! Efficiency Tests by T 
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Runner and shaft for 
Upper Vinstra Power Plant, 


rated output 92,000 H.P., 


428 rev./min., 
mean net head 320 metres. 


Kvaerner Brug has delivered 
ty Francis turbines for 
“t heads ap to 543 metres. 


Pi 
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A.S.KVARNER BRUG, OSLO: NOR ae 
WAY <i aaa 
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IGTE OSTERREICHISCHE EISEN- UND STAHLWERKE, LINZ-DONAU, AUSTRIA 


VEREI 
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VEREINIGTE OSTERR. EISEN- UND STAHLWERKE, LINZ-DONAU 








SAKAI IRON WORKS CO., LTD. 


HEAD OFFICE: NISHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: “SAKATETSU OSAKA” 
TOKYO OFFICE: NIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “‘SAKATETSU TOKYO” 
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Specialists in all phases of water 
power development, Kuljian’s 
Hydroelectric Division offers a 
choice of services—available 
singly or in combination. 


Our staff of recognized experts 
is prepared to assume complete 
project responsibility from feasi- 
bility studies, through design, 
construction supervision and ini- 
tial operation 


Write for additional information. 


KULJIAN SERVICES 
Surveys « Investigations + Reports « 
Water Resource Development - 
Reservoirs and Dams - Hydroelectric 
Power Stations « Transmission and 
Distribution Systems » Pumping and 
Filtration Plants - Tunnels and Aque- 
ducts « Irrigation and Flood Control 
« Other Reclamation Activities 






She huljian icatie @ 


engineers « constructors 
HYDROELECTRIC 


1200 NORTH BROAD STREET @ PHILADELPHIA 21, PA., U.S.A. 
DIVISION 


DESIGN @®@ ENGINEERING C PROCUREMENT @ CONSTRUCTION @®@ REPORTS 
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Boosting Japan's electrical power capacity for her busy industries is the 





mission of these huge generators. This autumn they'll each begin gene- 
rating 133,000 kVA—enough power to bring progress to an area of 
twenty million people. They were built by Toshiba, where 85 years’ 
accumulated experience is daily translated into thousands of quality 


electrical products for home and industry throughout the world. 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


Tokyo, Japan Cable: TOSHIBA TOKYO 
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“*Tt’s agin’ nature,” growled Brock the Badger. “The years 
it took me and my family to dig out our home. Now these 
Mitchell people build this here all in a minute.” 


‘Not in a minute,” squeaked the squirrel. “‘Not even 
Mitchells are as good as that!” 

**And it’s here to stay. I know a good job when I see it.” 
“You're quite right. People who require the services of an 
experienced firm of building and civil engineering contractors 
ought to get in touch with Mitchell Construction.” 


MITGHELL CONSTRUCTION 


BUILDING & CIVIL ENGINEERING CONTRACTORS 


THE MITCHELL CONSTRUCTION COMPANY LTD 


WHARF WORKS - PETERBOROUGH 














P.4017 
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INSULATORS 


Overhead line insulators 





Switchgear post insulators 
Transformer bushings 
Insulators for railway electrification 


Custom-made porcelains 


SP108 


STEATITE AND PORCELAIN PRODUCTS LTD. 


STOURPORT-ON-SEVERN, WORCS. TEL: STOURPORT 2271 GRAMS: STEATAIN, STOURPORT 
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Power Station 


— each rated at 170,000 HP at 870 ff head — have been designed and built by us. 
The workshop photo shows one of the two runners in our high-head turbine erection 
n shop. The maximum runner dicmeter is 11 ft 4in. The spiral casings are all-welded 
Turbines with the stay vane rings in four sections, all made of age-resisting boiler plates of 
high mechanical resistance. The shaft of the set is supported in three bearings, 
the thrust bearing above the generator being combined with the guide bearing. 
The shut-off valves are rotary valves equipped with hydraulic double drives. - Also 
this Voith hydraulic equipment is the outcome of many years of highly specialized 
experience backed by extensive research work in our hydraulic laboratories. 


2 Francis 


@ J.M. VOITH GMBH: HEIDENHEIM (BRENZ) - GERMANY 
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BETTER BUILT... 
for better service 


Photo by courtesy of Manitoba Hydro 
Electric Board 


Participation in the great Kelsey Generating Station develop- 


ment on the Nelson River was a privilege highly prized by 
Canadian Vickers. Being entrusted with the manufacturing of 
nine Sluice Gates with Control Equipment and Embedded 
Parts bespeaks the confidence placed in the plant facilities, 


the meticulous engineering and skilled craftsmanship of Cana- 
dian Vickers Limited. 


CANADIAN 
©) TICKERS 


LIMITED 
MONTREAL ° TORONTO 





MEMBER OF THE VICKERS GROUP 


Hydraulic Gates Of All Types © Turbines © Penstocks © 
Butterfly Valves * Gantry & Power House Cranes ® 


Water Control Equipment Of Every Nature. 
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2 Leffel Turbines for Deer Creek 


Leffel turbines drive the two generators in the 
Teer Creek power plant of The Bureau of 
Reclamation’s Provo River Project, 35 miles 
south of Salt Lake City, Utah. These turbines 
are of the vertical shaft type, with Francis run- 
ners and steel plate spiral cases. Each turbine, 
rated at 3500 h.p. when operating at 360 
r.p.m. under an effective net head of 120 feet, 
drives a 2750 KVA generator. The photo 
above shows the spiral casing for one of the 
Deer Creek turbines during construction 
of the power plant. 

The Deer Creek installation is just one of 
hundreds throughout the world which utilize 
Leffel turbines in the efficient and economical 


THE JAMES LEFFEL & CO. 


FeO RSOED I 8 | 88 Ss 


MORE EFFICIENT HYDRAULIC 
POWER FOR 99 YEARS 
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development of power from water. Leffel pro- 
duces turbines of all types and sizes for oper- 
ating heads from 3 to 1000 feet. And the 
accumulated experience of nearly a century of 
specialization in more efficient hydraulic power 
goes into the design and construction of every 
Leffel unit. 

This experience, available without obligation, 
can be of real help to you if you’re planning a 
new project or considering the expansion or 
rehabilitation of existing facilities. For more 
information on how Leffel can help you get 
your hydro project off on the right foot, just 
drop us a line with the details or clip and mail 
the coupon below. 


FREE LITERATURE 1106-E 


THE JAMES LEFFEL & COMPANY 
Dept. W, SPRINGFIELD, OHIO 


[ | Please send me more information on Leffel hydraulic turbines. 


[ } Please have your representative call 
Nome__— : a 
Company___ i es ee 


—O————— ee 
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66, 00Olbs. 


(30,000 kg) yn HEAVY DUTY TYPE SUSPENSION INSULATOR 


12-5/8” (320 mm) Dia. and 7-11/16” (195 mm) Spacing 
NGK Cat. No. CA-590ND; IEC recommended 24 mm ball & socket coupling 
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1961 


-a Record Year for 


KMW Turbines 


In 1961 not less than 17 KMW 
turbines, with a total output of 
about 900,000 h.p., will be put into 
service at 11 power stations in 
different countries. 
The picture shows the runner for 
the Francis turbine for Stalon 
power station in Sweden. Output 
150,000 h.p. 


AB KARLSTADS MEKANISKA WERKSTAD 
KARLSTAD - SWEDEN 


Representatives in Canada: A, Johnson & Co. Ltd., P.O. Box 56, Montreal 16 






FRANCIS TURBINES 


provide an efficient means of developing water 
power, their robust construction ensuring maximum 
reliability over many years. 





Induction generator sets such as the plant shown 
below are nearly always unattended and they generate 
millions of units every year. They can be controlled 
automatically by variation in head water level or 
from another power station. 





GILBERT GILKES & GORDON LTD. 
WATER TURBINE & PUMP MANUFACTURERS 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON, W.C.2. Tel: HOLBORN 3231 
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ELECTRICAL MACHINERY AT SCHWARZACH POWER STATION 
SUPPLIED BY ELIN-UNION 





Four three-phase synchronous alternators with vertical shaft, 35 MVA, 
375 rpm, 50 cps, 170 tons. (Picture shows the machine hall of Schwar- 
zach Power Station of the Tauernkraftwerke A.G.) 

The alternators are equipped with water coolers and heat exchangers 
to enable utilization of the loss heat for space heating of the power 
station. 

Further supplies: 1 three-phase three-winding transformer, 70 MVA, 
10.25/10.25/116.5 kV, control devices for automatic and manual 
control of the generating sets and complete electrical equipment for 
power supply and remote control of the weir plant in the River Salzach. 


ELIN-UNION 


VIENNA / AUSTRIA 


The leading Austrian manufacturer of heavy electrical machinery 
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WE DESIGN AND CONSTRUCT GATES 


of all Systems 

for river and 

Storage plants 

Lock gates, 

regulating gates with 
automatic control, 
turbine emergency gates, 
bottom outlets and 
tunnel gates. 





!) 


i 


Mooser-Dam of 
Mooserboden- 
Reservoir 
Tauern Power 
Plant 


Glockner- 
Kaprun 


Austria 








WAAGNER-BIRO 


WIEN AKTIENGESELLSCHAFT GRAZ % 


HEAD OFFICE: WIEN V, MARGARETENSTRASSE 70 
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The Australian Prime Minister, the Rt. Hon. R.G. Menzies and Sir William Hudson. Commissioner for Snowy 


Mountains Hydro- 


Electric Authority, inaugurating the Tumut 1 Power-station. 





he Snowy Mountains Hydro-Electric 
Authority, Australia, has commissioned the 
first of two new power-stations, which together 
have a total output of 640.000 kVA. In the 
face of severe competition from leading electrical 
engineering firms from all over the world, 
ASEA was awarded the contract for all eight 


generators for these two power-stations. 


Further generators having a total output of 127,000 kVA 
are also being manufactured at present by 


ASEA for Australia. 


(Photo: Snowy Mountains H. E. Authority) 


640000. 





The largest power-station in Sweden, 
Stornorrfors, has an output of 450,000 kVA 
and supplies about 7 per cent of the total 
amount of electricity produced in the country. 
This power-station too is equipped with 
ASEA generators, and practically all electricity 
in Sweden is generated by ASEA machines, 
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The Riddes power station of the Forces 
Motrices de Mauvoisin S.A., Sion (Valais, 
Switzerland) has been equipped by 
Brown Boveri with sixteen single-phase 
transformers, constituting five three- 
phase 67-MVA, 10.5/225 kV banks, five 
67-MVA generators, 220-kV_ lightning 
arresters, 220-kV_ air-blast  circuit- 
breakers, and all protecting and regula- 
ting apparatus. 


Transformers 


built by Brown Boveri in single- and three-phase designs for voltages up to 400 kV and outputs 
up to 660 MVA are the result of unremitting research and co-ordinated teamwork. The 


Company's specialists will be glad to advise you. 


BROWN, BOVERI! & CO., LTD., BADEN (SWITZERLAND) 





Represented in England by British Brown-Boveri Ltd., 75 Victoria Street, London S.W.1 
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As 
you would 
expect... 


Main propulsion motors—A.€E.|. Ltd., Heavy Plant Division: 





Cable & warping capstan motors, store & baggage hoist motors 


and cargo winch motors—Clarke, Chapman & Co., Ltd 
Automatic helmsman motor—Lancashire Dynamo & Crypto Ltd. & S. G. Brown Ltd; 
OF-Tagelamor-Igelom ¢e-lat-yolelac-1 muito) (elem siaele:) Peebles & Co., Ltd & The Carron Company 
Power cables—A.E.I. Ltd.,-Cables Division; 
Auto-transformer starters—The General Electric Ce.,-Ltd 
Bilge pump motors—W. H. Allen Sons & Co., Ltd; 


and other electrical equipment in the “CANBERRA" 


. all incorporate insulation by M & | 
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THE MICANITE & INSULATORS CO., LTD., Empire Works, Blackhorse Lane, Walthamstow, London, E17 
<<“ Telephone: Larkswood 5500, Telegrams: Mytilite London Telex, Telex: 25183 


WATER POWER June 1961 45 





HYDRAULIC 
TURBINES 





CHARMILLES 


CHARMILLES ENGINEERING WORKS LTD. 
GENEVA - SWITZERLAND. : 


SNOWY MOUNTAINS HYDRO-ELECTRIC AUTHORITY (AUSTRALIA) 
Four 110000 BHP Francis turbines for the TUMUT 2 Power Station 
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ALL THE 
WORLD WIDE... 

80 YEARS 
DEEP 


RapieR engineers can draw on 80 years’ world-wide 
experience when designing, manufacturing 









and installing hydraulic sluice structures for power 
stations, turbine intakes, draft tubes, dam 







culverts and spillways — as well as for irrigation, flood 






control and water supply. This experience 






added to the comprehensive technical resources of the 






Ransomes and Rapier works at 






Ipswich is always available against enquiries 





RANSOMES AND RAPIER LIMITED 
Waterside Works, Ipswich - Tel. 56383 
Telegrams & Cables: Sluice Ipswich Telex 


A Newton Chambers Company 
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SIEMENS 


\ 


10 million kVA 


is the output of the waterwheel 
generators which the 
Siemens-Schuckertwerke have 
supplied or are manufacturing for 
installations in Germany and 

abroad. These include units with 
ratings up to 175 OOO kVA. 

We undertake the planning and 
design, consulting service and con- 
struction supervision of complete 
hydroelectric power plants and supply 
the entire electrical equipment from 
our Own production. 

















WDD, 


DW 





The curve shows the steep rise 





in the number of orders placed with us 
for waterwheel generators 


in the last 60 years 


@ 


eS - 


SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT 


BERLIN +: ERLANGEN 
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Sulzer Brothers Limited ; 
Winterthur 

Switzerland = 
Sulzer Bros. (London) Ltd. 

31, Bedford Square, 


London W.C.1 





enstocks 
Storage Pumps 


for hydro-electric power stations 


Sulzer Brothers are in collaboration with Messrs. in collaboration with 
supplying the following Marshall & Anderson Ltd., The English Electric Co. Ltd. 
equipment for the ; Motherwell 4 high-lift storage pumps for 
C. E. G. B. power station 2 steel tunnel linings the following working data: 
at Ffestiniog, North Wales: 4 penstocks Discharge 745 cu. ft. per sec. 
4 sets of branch and Head 1,000 ft. 
interconnecting pipes Max. input up to 110,000 H. P. 





can" 
Fabrication of two branch pipes Suizer five-stage high-lift pump 
for Ffestiniog in the Sulzer in an Austrian power storage station. 
shops at Winterthur. Inside diameter Discharge 49,250 g. p. m., 
7 ft. 6 in., service pressure head 3,186 ft., input 55,500 H. P. 


SULZER 590 Ib. per sq. in. 
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WATER 


POWER 


A technical journal devoted to the study of 
all aspects of hydro-electric development 


The Preservation of Migratory Fish 


HE necessity for preserving migratory fish life in 
Ee ers that are suitable for hydro-electric develop- 

ment is now largely recognised, and this require- 
ment is playing an increasingly important part in 
economic and amenity studies for such developments. 
In extreme cases the high cost of fish preservation 
results in this aspect of a scheme becoming a major 
issue in arguments for and against a_ particular 
method of development. Such a situation is well exem- 
plified by the Middle Snake River controversy, which 
was related in our January 1961 issue. In this case a 
dilemma is posed by the fact that the cost of salmon 
protection, which would run into many millions of 
dollars, may well exceed the economic value of the 
fish preserved, whichever scheme is finally adopted. 
Similar problems arise in many countries where hydro 
development is of imporiance, and even if one dis- 
counts completely the idea of preservation for preser- 
vation’s sake—which most hydro countries do not— 
few can afford to ignore the economic and food-supply 
aspects of failing to protect the fish life in their utilised 
rivers. 

The problem of preservation is thus a very real 
one, and has been so for some considerable time. The 
engineer, whose task it primarily is to tackle the 
engineering aspects of this problem, has, however, 
remarkably little published practical information on 
the biological needs of migratory fish, although many 
individual observations must undoubtedly have been 
made. A substantiai step in the right direction was 
provided by a paper* recently presented to the Insti- 
tution of Civil Engineers in London. The author, Mr. 
G. Baxter, in producing this valuable paper, has 
drawn on 40 years’ experience in the field of Scottish 
public water supply derived from salmon rivers, as 
well as his experience as a former member of the 
Statutory Fisheries Committee for the North of 
Scotland. 

A good deal of useful information was given in the 
paper, and much of it will necessarily be only of 





* “River Utilisation anc the Preservation of Migratory Fish Life’’ (Paper 
No. 6471). By George Baxter, O.B.E., M.I.C.E. 
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direct value to those concerned with British rivers 
and other rivers with comparable characteristics. The 
general conclusions, however, are of wider application 
and should be o/ interest to all hydro engineers con- 
corned with the fish problem. Perhaps one of the most 
interesting points brought out by Mr. Baxter was the 
fact that the water needs of migratory fish are smaller 
ihan is perhaps generally realised. On the other hand, 
he emphasised the need for a proper distribution of 
controlled river flow throughout the year, in accord- 
ance with the observed requirements of the fish, rather 
than the provision of compensation water at a con- 
stant rate, as is often the case. 

The minimum monthly requirements of flow, which 
were based on a study of 13 Scottish rivers, the Severn, 
and the Wye, were indicated in the paper in terms 
of percentages of the average daily flow, and these 
percentages were shown to vary slightly with the size 
of the river. This is simply due to the fact that, at 
low percentages, the depth of water in the smaller 
streams becomes an important factor. In addition to 
these basic compensation flows, the author suggested 
criteria for the volume and frequency of the freshets 
necessary to induce the fish to enter and ascend the 
river. 

The paper described the life history of the salmon, 
which is usually the most valuable, economically 
speaking, of the migratory fish, and although this 
may seem far removed from the hydro engineer’s 
more usual technical interests, it is quite clear that 
some knowledge of this subject is essential to the 
proper planning of fish-preservation works. Neverthe- 
less, the author sounded a note of caution by strongly 
recommending that, in all schemes of importance, the 
advice of a competent practical biologist should be 
obtained. 

Mr. Baxter was able to conclude from his long ex- 
perience that the development of rivers for hydro- 
electric or water-supply purposes is not necessarily 
incompatible with the preservation of stocks of migra- 
tory fish, although he did make some reservations on 
the subject of angling. Given an adequate and appro- 
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priate compensation flow, there are two other main 
requirements for successful preservation. It is essen- 
tial that the spawning grounds, and access thereto, be 
preserved and protected. Secondly, it is obviously 
necessary to provide adequate arrangements for the 
safe passage of the fish past any man-made obstruc- 
tions across the river. In the latter connection various 
speakers in the subsequent discussion of the paper 
touched on the subject of the heads at which fish could 
pass relatively unharmed through turbines on their 
descent of the river. It appears that survival has been 
noted at heads as remarkably high as 400 ft. 

The author, who is himself a fisherman, would be 
the first to agree that the engineer is here trying to 
cope with another living creature, and that the success 
or otherwise of his preservation works depends largely 
on the whims of the fish. Notwithstanding the natural 
unwillingness 0: fish to conform to man’s designs, we 
feel that the guidance given by Mr. Baxter will materi- 
ally assist further work in this field, not only in the 
British Isles but elsewhere. He has applied science to 
his study of the problems, but we may add that Mr. 
Baxter has also tempered his application with the 
realism of a man who understands fish and their ways. 


Conference on Fluid Sealing 


THE International Conference on Fluid Sealing, 
organised by the British Hydromechanics Research 
Association (see our November 1960 issue), was held 
in April, and was so well supported that the available 
accommodation was strained to the limit. Thirty 
papers were presented during the eight technical ses- 
sions, including nine papers from the United States, 
two from Japan and one each from Denmark and 
from Sweden. The first and second sessions dealt re- 
spectively with liquid seals for rotating and for re- 
ciprocating shafts; the third with the sealing of gases; 
the fourth and fifth with radial-face and mechanical 
seals; the sixth with seal materials, including rubbers, 
carbons and refractories; and the seventh and eighth 
with special environmental conditions such as high 
temperatures, long-term space exposure, hazardous 
fluids and abrasive liquids. 

Actually the conference was of much greater in- 
terest to those concerned with pumps, hydraulic 
machinery, chemical and nuclear plant, aero power 
units, etc., than with water turbines, valves and gates, 
but the papers represent a valuable contribution to 
fundamental knowledge in their rightful field. Com- 
plete sets of papers can be obtained from the Asso- 
ciation at Harlow, Essex, at £6 6s. Od. per set, and 
individual papers at six shillings. 


Electrical Equipment for Iron Gate 


HE Westinghouse Electric Corporation has re- 
ceived an order from the California Oregon Power 
Company (COPCO) for a new 18-MW hydro-electric 
generating plant. Named the Iron Gate plant, it will be 
located on the Klamath River near Hornbrook, 
California, just south of the Oregon border, in the 
United States. The generator will be of the umbrella 
type, with a rating of 18,947 kVA. 

As at some of the dozen other COPCO plants in 
the Umpqua, Rogue and Upper Klamath basins, 
Iron Gate will be a completely self-contained auto- 
matic station, and will be controlled from an existing 
plant several miles away. The supervisory control 
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equipment for unattended operation, the main power 
transformer and the switchgear for the plant are also 
being furnished by Westinghouse. Shipment of the 
various parts to the plant site is to be completed by 
July 1, 1961, when erection will begin. The Portland 
engineering and service department of Westinghouse 
will erect all of the electrical equipment. 


British Columbia Power Corporation’s 
Annual Report 


From the hydro-electric aspect, the main feature 
of the British Columbia Power Corporation’s Annual 
Report for 1960 was the announcement of the com- 
pletion of the Bridge River development. The re- 
maining work carried out during the year consisted 
of the completion of the Mission dam, and the com- 
missioning of the last two 62-MW generating units 
at the Bridge River No. 2 Station. The fully de- 
veloped scheme, which is in the Fraser River basin, 
now comprises three dams and four generating 
stations containing ten units with a total installed 
capacity of 492 MW. The work has been spread over 
14 years and has involved a variety of interesting en- 
gineering features. In addition to the existing 230-kV 
and 360-kV transmission lines already linking the de- 
velopment to the Lower Mainland, a second 360-kV 
line is now under construction between Bridge River 
and Cheekye. 

The report also noies that, in 1959, a comprehen- 
sive plan by the Peace River Power Development 
Co. Ltd. (in which the Power Corporation has an in- 
terest) for the development of the Peace River for 
power purposes was submitted to the British Colum- 
bia Comptroller of Water Rights. The proposed de- 
velopment has now been accepted as technically 
feasible, and the company is continuing detailed en- 
gineering studies. 

The sale of electricity to Canadian consumers rose 
in 1960 by 69% over the previous year to a total of 
3,525 GWh. It was noticeable, however, that the rise 
in domestic consumption was appreciably less than 
in previous years, and this appears to have been 
partly caused by the expansion of the natural-gas 
service provided by the organisation, the sales of 
natural gas having increased very substantially. 


Developments in Ceylon 


AN agreement has been signed between the Govern- 
ments of Ceylon and Canada whereby Canada has 
agreed to construct a transmission line from the 
Inginiyagala hydro-electric station in the Gal Oya 
valley to Baduila, where it will connect with the 
main island grid. Canada has also undertaken to 
supply and install an additional 5 MW of plant at 
the Inginiyagala station. 

Ceyion has also obtained an unspecified loan from 
the World Bank for the financing of several new 
schemes, including an additional 50-MW installation 
at Norton Bridge and a 25-MW plant at Grandpass, 
Colombo. 


Exhibition of Construction Equipment 


THE International Construction Equipment Exhi- 
bition is to be held at Crystal Palace, London, from 
June 15-24, 1961. The exhibition, which is sponsored 
by the Federation of Manufacturers of Construction 
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Equipment, The National Federation of Building 
Trades Employers, and the Federation of Civil 
Engineering Contractors, will include a very com- 
prehensive range of equipment, some of which will 
be seen in operation on proving grounds. Details of 
the exhibition may be obtained from Industrial and 
Trade Fairs Limited, Commonwealth House, New 
Oxford Street, London, W.C.1. 


Survey of Chenab River 


THE Central Water and Power Commission of 
India has undertaken a location survey for possible 
hydro-electric projects on the River Chenab in Jammu 
and Kashmir State. Preliminary investigations have 
shown that there is a large potential on this part of 
the river, the unrestricted development of which by 
India is permitted by the Indus Water Treaty. 


Lednock Power Station Commissioned 


THE North of Scotland Hydro-Electric Board have 
brought into operation the Lednock power station in 
Perthshire. This completes the Breaclaich works, the 
highest stage of the St. Fillans section of the Breadal- 
bane scheme. The situation of the station, 1,160 ft 
above sea level, is one of the highest in the Highlands. 
The station stands on the shore of Loch Lednock, the 
reservoir formed in Glen Lednock by a dam about five 
miles up the glen from Comrie village. It has a capac- 
ity of 3.000 kW and an estimated average annual out- 
put of 5 million kWh. Water to operate the Lednock 
power station is stored in Lochan Breaclaich, a small 
loch in the hills between Loch Tay and Loch Earn 
which has been enlarged and its level raised to 1,453 ft 
above sea level by a rockfill dam 1,400 ft long and 
80 ft high. The water is led by tunnel and pipeline 
four miles to the power station, which discharges into 
Loch Lednock and so supplements the water which is 
drawn from that loch for the 21,000-kW underground 
power station at St. Fillans. 

The horizontal Francis turbine in the power station, 
which works under a gross head of 300 ft. was made 
by the Harland Engineering Co. Ltd., and drives an 
induction generator supplied by Bruce Peebles & Co. 
Ltd. The main civil-engineering contractors were R. J. 
McLeod & Co. Ltd., Glasgow. The civil-engineering 
consultants are Messrs. Duff & Geddes in association 
with R. H. Cuthbertson, and the electrical and 
mechanical consultants are Messrs. Strain & Rotert- 
son. 


Shawinigan’s Annual Report for 1960 


THE 63rd Annual Report of the Shawinigan Water 
and Power Company shows that the company’s sales 
of electrical energy increased by 10% over the 1959 
figure of 12,028 GWh. The sales of primary power to 
major industries increased by 8-6%, and sales to small 
industries and commercial customers rose by 9°6%, 
but the most remarkable rise in demand was from 
urban and residential customers, the figure being 
13-2%. Much of the secondary load during the latter 
half of the year had to be met by the purchase of 
energy from the Bersimis development of the Quebec 
Hydro-Electric Commission, owing to unfavourable 
precipitation over the company’s catchments in the 
last five months. Prior to July. however, rainfall was 
good and the water level in the Gouin reservoir was 
well above average: consequently. by the end of the 
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year the level was still being maintained at a value 
21% above the average for that date. 

New developments were mainly in the field of trans- 
mission and supply. The Quebec terminal-station 
facilities were extended to meet the increasing 
demand, and also to provide for connection to a 
345-kV line now under construction from the Lake St. 
John district. 


Rihand Project Nearing Completion 


THE Rihand project at Pipri, about 100 miles from 
Mirzapur in the Indian state of Uttar Pradesh, is ex- 
pected to be completed in the near future. Five 
50-MW generating units are to be provided for the 
station, and three of them have now been installed. 
The reservoir is already partly filled. 


Progress on the Cavado 


THE annual report for 1960 of Hidro Eléctrica do 
Cavado (HICA), Portugal, reveals a somewhat un- 
usual situation, for although the country’s electrical 
demand rose substantially and the year was so wet 
that the resulting discharge damaged the spillway sur- 
face at Canicada, HICA generated only 530 GWh, a 
reduction of 68 GWh on the previous year. For this 
apparent anomaly there was good reason, for it was 
decided to empty the Cabril reservoir for repair, and 
much of the load that would otherwise have been 
carried by the HICA plants was taken over by those 
of the Zézere organisation. Furthermore, the favour- 
able hydrological conditions during the year enabled 
the utmost use to be made of the smaller stations serv- 
ing the Secondary Grid, so that although the Primary 
Grid (served mainly by the Cavado, Zézere and Douro 
companies) handled 2,000 GWh, an increase of 
140 GWh, it did not have to bear the full weight of 
the increase in demand. 

Exceptionally high flows were recorded in Feb- 
ruary, October and November; that for November, 
which represented a capacity of 414 GWh and was 
responsible for the erosion of the Canic¢ada spillway. 
was the highest recorded for that month during the 37 
years that records have been kept, and was computed 
to be a 50-year flood. The position was aggravated by 
the fact that HICA started the year with full reser- 
voirs and decided at the end of the summer to reduce 
storage to 70%. 

Construction work on the Alto-Rabagao (see 
WATER Power, January 1959, p. 14) made excellent 
progress. The Cavado-Rabagao diversion tunnel was 
commenced in January 1960, and by the end of the 
year 2,500 m of the total length of 4.867 m had 
been driven. This represented tunnelling records 
for Portugal of 9-5 m per day, 52 m per week, and 
213-5 m per month. A start was made on the access 
excavations for the Alto-Rabagao power station; 
these will include a 240-m inclined access tunnel. a 
129-5-m access shaft, and a tailrace tunnel which 
is being attacked from the outlet portal and from 
two construction shafts. Contracts for the hy- 
draulic and electrical equipment were let. 

During the year there was an important expan- 
sion in development work, assisted by the IBM 
650 computer installed in May. The final design of 
the Alto-Rabagao dam received detailed attention. 
and studies were continued of schemes for the 
Tamega and Lima rivers. 
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Fig. 11. The village of Kolbnitz in the Moll Valley, showing Kolbnitz power station and the Kreuzeck pipeline 


The Reisseck-Kreuzeck Development 


In this article we complete our account of the 


Reisseck 
highest 


storage 
head in 


section, 
the world, 


the 
the 


which _ utilises 
and describe 


Reisseck run-of-river section 


PART TWO 


MAIN PENSTOCK 

Seeing that the Reisseck storage section develops 
the highest head in the world, the design and con- 
struction of the main penstock were of great import- 
ance. To obtain the most satisfactory results the pen- 
stock was divided into four sections, each separately 
designed and the subject of a separate contract. 

The first section, extending from the Schoberboden 
valve chamber to a point 1,290 m. down the pipe, was 
supplied and erected by Waagner-Bir6. The diameter 
is 1,350 mim. at the top and 1,150 mm. at the bottom 
end of the section, the wall thickness increasing from 
10 mm. to 32 mm. Anchor blocks are introduced at 
intervals ranging from 75 m. to 150 m., and inter- 
mediate concrete supports are spaced 9 m. apart. An 
expansion joint and a manhole are provided immedi- 
ately below each anchor block. VOEST Aldur 47 steel 
was used, having an elastic limit of 31 kg. per sq. 
mm., an ultimate tensile strength of 47-57 kg. per sq. 
mm., and a minimum elongation at rupture of 25%. 
The pressure at the bottom of this section is 80 atm. 

The second section, which was supplied by Cofor 
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of Milan and erected by the Terni Company of Terni, 
extends for a length of 1,200 m. below the first, the 
pressure at the end of the section being 137 atm. An- 
chor blocks are disposed at distances of 70 to 188 m. 
and intermediate concrete saddles at 9 m. intervals, 
an expansion joint and a manhole being disposed be- 
low each anchor block. The pipe is of the self-hooped 
variety and ranges in diameter from 1.148 mm. to 
1,048 mm., with wall thicknesses increasing from 11 
mm. to 16 mm. Aldur 47 steel is used for the tube por- 
tion, the tube being formed by double-V or V butt 
welds, ground flush and annealed at 620°C. Random 
X-ray tests were made on both factory and site welds. 
The reinforcing rings are made from a chrome- 
molybdenum steel, seamless forged and heat treated. 
and having an elastic limit of 70 kg. per sq. mm., an 
ultimate tensile strength of 100-115 kg. per sq. mm.., 
and a minimum elongation at fracture of 14%. The 
rings are mounted at 140 mm. centres and are 70 
mm. wide, the depth ranging from 25 mm. to 34 mm. 

Section three, supplied and installed by Acciaieria 
e Tubificio di Brescia, is 950 m. long and withstands 
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Fig. 12. The world’s highest head. A view of the track of the Reisseck penstocks; the storage section provides 
a head of 1,771:3 m 
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a pressure of 185 atm. at 
its lower end. Its diameter 
diminishes from 1,046 to 
950 mm., and the wall 
thickness increases from 
17 to 20-5 mm. This sec- 
tion is also hooped, but 
in this case the rings are 
stirunk on. The rings are 
placed at 162 mm. 
cenires, are 80 mm. wide. 
and their depth ranges 
from 36 to 42 mm. An- 
chor blocks are disposed 
at 90 m. to 187 m. inter- 
vals. 

The fourth section was 
installed by Sulzer Bro- 
thers, Winterthur, who 
shared equally with 
VOEST in its manufac- 
ture. This section is 750 
m. long, is 950 mm. in 
diameter throughout, and 
consists of plain tubes 
having walls from 45 
mm. to 47 mm. thick, the 
tubes being completely 
buried and held by three 
anchor blocks. Aldur 58 
steel was used, having an 
elastic limit of 40 kg. per 
sq. mm., an ultimate ten- 
sile strength of 58-68 kg. 
per sq. mm., and a mini- 
mum elongation at rup- 
ture of 22%. The hy- 
draulic pressure at the 
end of this section is 195 
atm. 

Finally the penstock 
leads to a distributor, of 
Sulzer design and manu- 
facture, which divides 
into three 530 mm. bran- 
ches. It is constructed of 
Aldur 58 steel. ‘ 

The total weight of the pipeline and distributor is 
3,500 tons. 


Fig. 13. Upper section 


‘ 


Turbines ; 

Two 25 MVA generating sets, seen in‘ Fig. 15, have 
been installed at the moment, but space is available 
foi a third, which is now on order. The‘turbines and 
their associated valves were built by Charmilles S.A.., 
Geneva, although for reasons of convenience certain 
of the turbine parts were manufactured to Charmilles 
designs by VOEST and valve parts by GAG. As al- 
ready noted, these turbines operate on the highest 
head in the world, surpassing by a few. metres that 
developed on the Charmilles turbines at Chandoline- 
Dixence. The maximum gross head at the Reisseck 
turbine nozzles is 1,771:3 m., and the corresponding 
maximum design head 1,765-3 m. At this head each 
turbine develops 31,000 h.p. at.a discharge of 1-470 
cu. m. per sec. The same power can be developed 
at the average net head of 1,710 m., but the discharge 
has to be increased to 1-630 cu. m. per sec. At the 
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of the Reisseck storage-section penstock between 
Schoberboden and Trog 


minimum head of 1,504:-5 m. the power reduces to 
26,200 h.p. at a discharge of 1-500 cu. m. per sec. 

The turbines are of the single-wheel single-jet type. 
running at 750 r.p.m. A section through one of the 
machines is given in Fig. 16. At these high heads and 
outputs the hydraulic condition of the jet has an im- 
portant bearing on performance, and the usual 
elbowed supply pipe ceases to provide a sufficiently 
uniform flow pattern. A straight nozzle design has 
therefore been adopted in which the flow divides sym- 
metrically round a bulb in which is housed the servo- 
motor actuating the needie. A straight flow is further 
encouraged by the vanes necessary to support and 
locate the needle and its servomotor. The needle and 
orifice plate are made of stainless stee] which has 
been subjected to a special heat treatment to impart 
the utmost possible hardness to withstand erosion. 

The wheel is an integral casting in 13% chromium 
steel by George Fischer Limited, Schaffhausen: it is 
2-6 m. in diameter and weighs 4-3 tons. 

Secured to the inside of the turbine casing opposite 
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Fig. 14. Reisseck penstocks and haulage. The storage-section penstock is on 


the left 


to the jet is a cast-steel shield which serves to deflect 
the jet in the event of a runaway. The residual energy 
in any water diverted by the nozzle deflector is des- 
troyed by baffles in the base of the chamber. 

Immediately upstream of the nozzle assembly is a 
spherical valve which is opened by pressure oil from 
the governor oil circuit. Water from the penstock acts 
on the opposite face of the valve servomotor piston, 
so that in the event of the oil pressure being tripped 
the valve automatically closes under the influence of 
the water pressure, the oil servomotor acting as a 
dashpot to control the speed of closing. 

A braking jet comes into action automatically in 
the event of a loss of oil pressure and can also be 
applied by hand. A tachometer shuts off this jet when 
the speed of the set is sufficiently reduced. 

The main jet deflector is interlinked with the 
governor control as usual, but in addition it comes 
fully into action in the event of an emergency trip. 
This is effected, as with the spherical valve, by 
balancing the governor oil pressure in a servomotor 


WATER POWER June 1961 





against water pressure 
from the penstock, so that 
if the oil pressure is des- 
troyed the deflector is 
moved over by the water 
pressure in the servo 
cylinder. 

The governor oil 
supply is normally fur- 
nished by a pump driven 
by an a.c. motor, but a 
standby pump driven by 
a d.c. motor takes over 
automatically if the nor- 
mal pump fails. 

To afford the utmost 
safety in utilising such a 
high head, each turbine is 
provided with a security 
valve, which is inserted 
upstream of the spherical 
valve in the elbow lead- 
ing from the distributor. 
These valves, which are 
depicted in Fig. 18, are of 
the Charmilles self-clos- 
ing needle type. Each 
valve has a bypass to 
equalise the pressures on 
the upstream and down- 
stream sides before open- 
ing, after which the 
needle is withdrawn by 
an oil servomotor. The 
oil pressure in the servo- 
motor is balanced against 
penstock water pressure 
in a small servomotor 
tending to close the valve, 
so that loss of oil pressure 
will cause the valve to 
close automatically, the 
speed of closing being 
regulated by the dashpot 
action of the oil servo- 
motor. Each valve, how- 
ever, has its own oil 
pump, which is separate from that controlling the 
spherical valve and de‘lector, so that normal emer- 
gency trips do not affect the needle valve. This valve, 
in fact, remains permanently open except when deli- 
berately closed by an emergency trip by hand, or on 
occasions when the machine is to remain at rest for 
some considerable time. In spite of their somewhat 
infrequent usage, however, these valves are considered 
to be amply justified from the standpoint of the 
security they afford, especially as their cost is a very 
small item in comparison with that of the scheme as 
a whole. 

Starting of either set, from the initial order to the 
point of readiness to synchronise, is accomplished in 
less than a minute. 


Generators 

Each turbine drives a 25 MVA 10:5 kV 0°9 p.f., 
750 r.p.m. three-phase generator built by ELIN of 
Weiz. The high speed of these generators for the 
capacity required imposed some fairly difficult de- 
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Fig. 13. Reisseck storage-section 25 MVA Charmilles-ELIN generating sets 


sign problems, but these were satisfactorily overcome. 
The third generator, now on order, has to comply 
with increasingly exacting test and performance re- 
quirements. 


REISSECK RUNOF-RIVER SECTION 
The Reisseck run-of¢#iver section collects the run- 
off from the flanks of the Reisseck massif at about 
half the height of the high-level storage, and develops 

a gross head of 678-5 ry. at the turbine nozzles. 
When completed, the collecting conduits will form 
three branches feeding into a single penstock, as will 
be seen clearly in the nap, Fig. 2, published in our 


last issue. The waters of the Miihldorferbach, which 
derives from the two Miihldorfer lakes, are collected 
in a reservoir at Gondelwiese, which has a capacity 
of 40,000 cu. m. and is used for daily storage. For the 
most part it is contained within concrete walls and 
has a maximum retention level of 1,288-5 m. 

A 1,200 m. diameter automatic valve of the same 
type as those in use at the high-level reservoirs has 
been fitted to the offtake from Gondelwiese reservoir, 
and thence a steel pipeline extends a distance of 1,800 
m. to the surge pipe at the top of the penstock, the 
diameter decreasing gradually from 1,200 to 900 mm. 
Most of the pipeline is laid open in tunnel, about 120 









































Fig. 16. Section through Charmilles 31,000-h.p. 1,771:3-m-head Pelton turbine 
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m. being buried. At the outlet 
from the pipeline a spectacle-type 
sluice valve controls the outflow 
from the reservoir. The pipeline 
was supplied and erected by 
Waagner-Bir6, and all the valves 
of the Reisseck run-of-river sec- 
tion were manufactured by Oster- 
reichische Armaturen Gesell- 
schaft. 

The Gondelwiese supply just 
described flows towards the surge 
pipe roughly from the east. From 
the north-west a pipeline diverts 
the waters of the Zwenbergerbach 
and Riekenbach, and will subse- 
quently be extended to the Kap- 
ponigbach. 

The pipeline from Riekenbach 
to the surge pipe is 2,450 m. long 
and 1,200 mm. in diameter. It is 
partly buried and partly in open 
tunnel, and was supplied and 
erected by VGEST. No valves are 
needed to control the flow from 
the Zwenbergerbach and Rieken- 
bach, as the waters either descend 
direct to the turbines, are lifted 
to the high-level storage by the 
Hattelberg pumping station, or 
flow through to the Gondelwiese 
reservoir. 

The surge pipe is 85-3 m. long 
and 2-2 mm. in diameter, laid on 
the suriace and communicating 
with an upper chamber of 256 
cu. m. capacity. 
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Fig. 17. Reisseck run-of-river Andritz-ELIN generating sets 
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Fig. 18. Charmilles security valves tor the high-head turbines 
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Fig. 19. The Teuchlbach stream 


Penstock 

The Reisseck run-of-river penstock is laid along- 
side that for the storage section, as seen in Fig. 14. It 
commences as an armoured inclined shaft, 190 m. 
long and 1,600—1,400 mm. in diameter, leading to a 
valve chamber at the Hattelberg pump house. This 
section is in sheet steel of 35-42 kg. per sq. mm. ulti- 
mate tensile strength and 8 mm. thick. The hydraulic 
pressure at the Hattelberg level is 13 atm. 

Below Hattelberg the penstock is made of Aldur 44 
steel and diminishes in diameter from 1,350 mm. to 
1,000 mm., the wall thickness increasing from 9 mm. 
to 28 mm. over a length of 995 m. The pressure at the 
bottom of the penstock is 78 atm. Nine concrete an- 
chor blocks, each succeeded by an expansion joint 
and a manhole, and placed at intervals ranging from 
70 m. to 187 m., secure the penstock, which is further 
supported by concrete saddles at 9 m. intervals. 

In the valley the open penstock is succeeded by a 
horizontal section 1,000 mm. in diameter and 1,884 
m. long, which is completely buried and anchored at 
three points. 

In Kolbnitz power station the penstock leads to a 
distributor from which a 700 mm. branch is taken 
for the first turbine, a 500 mm. branch for the second 
turbine, and a 700 mm. junction pipe to form a con- 
nection with the Kreuzeck penstock. The branch 
pieces are made in cast steel and the straight lengths 
in Aldur 44. The whole of the Reisseck run-of-river 
penstock was supplied and erected by VOEST. 


Generating Sets 

Both generating sets supplied from the Reisseck 
run-of-river section consist of Maschinenfabrik 
Andritz turbines driving ELIN generators, but they 
are of different capacities, the larger set being rated 
at 17-5 MW and the smaller at 6-5 MW. 

The 17:5 MW set runs at 500 r.p.m., and the tur- 
bine was designed for a normal output of 27,200 h.p. 
at a discharge of 3-75 cu. m. per sec. and a head of 
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intake on the Kreuzeck section 


620 m., its maximum output being 28,500 h.p. at a 
discharge of 3-81 cu. m. per sec. It was built to the de- 
signs of Escher Wyss, of Zurich, who supplied the 
Fischer-cast integral chrome-steel runner, and is of 
the two-nozzle type. An 800 mm. spherical shut-off 
valve is disposed in front of the Y-piece leading to 
the nozzles. The braking jet is split so that it impinges 
on the convex cheeks at the backs of the buckets and 
not on their sensitive centre portions. 

The 6:5 MW turbine runs at 750 r.p.m. and de- 
velops 9,300 h.p. at a discharge of 1-285 cu. m. per 
sec. and at a design head of 625 m. The higher design 
head takes advantage of the reduced head loss in the 
penstock when only the smail machine is running. Its 
maximum output is 10,300 h.p., at a discharge of 
1-355 cu. m. per sec. It is also a two-nozzle machine, 
but in this case the runner has individual stainless- 
steel buckets each fixed separately to a cast-steel hub. 

The 6-5 MW generator was built by ELIN in 1950 
when high-quality electrical steel was difficult to ob- 
tain, although the best available materials were used, 
including American insulation. This machine was 
used partly for construction power in the early stages 
of the scheme. The 17-5 MW generator followed in 
1952, when it was possible to use the best stator steel. 

(To be continued) 


Philplug. Expandite Limited, of Chase Road, Lon- 
don, N.W.10, have sent us two leaflets illustrating 
their range of Philplug fixing devices, including stud 
bolts, anchor bolts and Expandabolts, and also seal- 
ing compounds and various tools for use with the 
products. 


Flow-Measuring Instruments. George Kent Limited. 
Luton, Bedfordshire, England, have issued a new 
specification sheet, No. SS 013, which describes in 
detail their Commander open-channel flow-measur- 
ing instruments, which are float operated. 
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Fig. 1. Platani dam seen from downstream 


Concrete-Block Dams for Highly 
Compressible Foundations 


A new type of dam is described, which was conceived and 

patented by the writer and is suitable for highly or unevenly 

compressible foundations. The structure consists of lean con- 

crete blocks arranged in columns with intervening joints filled 

with gravel; the low ratio of voids (1 % ) thus obtained enables 

steep slopes to be used for the facings and the width of 
foundations to be reduced 


By DR. CLAUDIO MARCELLO* 


PART ONE 


ITHERTO, the problem of building storage 

dams on highly or unevenly compressible ground 

has been solved by the adoption of earth dams 
and of rockfill or dry-masonry structures. Earth 
dams adapt themselves easily to any settlement in the 
foundation ground below, but it is not the same 
with rockfill or dry-masonry dams. In fact, structures 
of this type, because of their characteristic construc- 
tional features, show a high percentage of voids, caus- 
ing major settlements within the body of the structure 





* Consulting Engineer, and Director of the Hydro-Electric Construction 
Department of the Edison Group, Milan. 
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(particularly in the rockfill type) due to deadweight, 
water load, and sometimes weathering agenis. In some 
instances, important subsidence in these structures 
(for example, the Piana dei Greci dam in Sicily, a 
dry-masonry structure made of calcareous stone) has 
been attributable to the material used and to the 
action of rainwater, which washed away the highly 
compressed points of contact of the soluble rock. 
Thus, in structures of this type, a large proportion 
of the total settlement observed takes place within 
the dam body, and is often greater than that experi- 
enced in the foundation, even with highly compres- 
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Fig. 3. Upstream view of Platani dam before impounding 


sible ground. This is a possible cause of trouble, 
because the watertight structure, generally consisting 
of a mask or diaphragm made of concrete, metal. 
wood or earth, and structurally separate from the 
rockfill, ought to follow the settlement of the structure 
as well as that occurring in the foundation. 

To reduce these drawbacks various methods of 
compaction are adopted, aimed at securing a con- 
siderable reduction of voids. It is to be noticed, how- 
ever, that in a dry-masonry dam, even with the appli- 
cation of these methods, the value of voids is rarely 
reduced below 35%. These measures unfortunately 
produce a stiff structure, precluding adequate compli- 
ance with ground settlement, particularly when this 
settlement is uneven. This is much more evident in 
a dry-masonry structure than in a rockfill one, owing 
to the interlocking between elements in all directions 
within the dam body. In comparison with a rockfill, 
however, this type has the advantage of a smaller 
base width and consequently less-extensive outlet 
works for the reservoir. It is at the same advantage 
in comparison with earth dams, although earth dams 
follow any substantial ground settlement more easily. 
On the other hand, all large-element rock dams have 
the substantial advantage of allowing overtopping 
even during construction. 

In order to solve the intricate conditions for an 
important retention dam (Platani dam in Sicily) with 
a foundation formed by heavily distorted and broken 
limestone strata containing marl and clay layers of 
various characteristics, the writer designed a new type 
of structure, which offered the good qualities of the 
dry-masonry dam while avoiding its drawbacks, and 
which nevertheless proved to be economically attrac- 
tive, taking into account all the provisions that had 
to be made in this particular case. This structure con- 
sists of cubical lean-concrete blocks poured entirely 
in place, arranged in columns with friction joints and 
forming side-by-side buttresses separated by lubri- 


WATER POWER June 196] 


cated joints (filled with gravel), as described in more 
detail below. 

After its successful adoption on the River Platani, 
this structure was subsequently conveniently applied 
to the Pozzillo and Pian Palu dams in Italy and El 
Frayle in Peru. 

From the aspect of static behaviour, the structure 
shows the following advantages: 

The behaviour of the dam can be reliably deter- 
mined, since each buttress, insofar as its resistance 
to water load is concerned, can be taken as similar 
to a monolithic structure, although it is articulated 
into independent elements as regards compliance 
with settlements. The free movement possible in 
the elements placed side by side with intervening 
gravel-filled joints improves the adaptability of the 
whole structure to settlements in any direction. 

The volume of the structure is reduced by some 
30% as compared with a dry-masonry dam because 
of the close-fitting regular surfaces of the blocks 
and ensuing thinner cross section of the dam; this 
offers important economic advantages. 

Under this latter heading, the advantages deriving 
from the adoption of concrete blocks to replace the 
dry-masonry material are chiefly as follows: 

Reduced excavation. 

Possibility of using rock of poor quality since 
the concrete is required to have neither high stan- 
dards of strength nor special imperviousness. 

Reduced requirements of skilled labour. 

Shorter construction time, thanks to the possi- 
bility of mechanical mixing and placing of the 
concrete. 

Possibility of passing large floods during con- 
struction, which is facilitated by an appropriate 
pouring schedule throughout the structure, and by 
leaving temporary openings between the dam ele- 
ments, as well as by the fact that this type of struc- 
ture can be overtopped without any risk. 
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Characteristics of the Structure 

The concrete-block dam has typical features that 
are by now well determined, as can be seen from the 
main geometrical characteristics of the Platani, Poz- 
zillo and Pian Pali dams. 

Figs. 4 and 5 show cross sections of the Pozzillo 
dam and details of the steel membrane on the up- 
stream facing. Slight differences are found in the case 
of the El Frayle dam in Pert, due to its moderate 
height as compared with the other dams. The dam 
has a triangular cross section, with the apex at maxi- 
mum flood level; the superimposed crest consists of 
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a top wall with a downstream slope of 0:15 to the 
point where it meets the 0-70 slope of the facing. 
The structure consists substantially of generally 
cubic concrete blocks of 4 m side*, which are entirely 
poured in place, with an intermediate lift joint. In 
cross section, the columns of blocks are built up in 
contact to form trianguilar-profile buttresses normal 
to the facings. The dam thus consists of a series of 
elements set side by side with a thickness equal to 
the side of a block; they are separated by gravel-filled 
gaps (lubricated joints) about 12 to 15 cm wide. 








* For the Pozzillo dam the blocks were only 3 m high 
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The blocks are poured with an intermediate lift 
joint and to a staggered pattern in order to avoid any 
bond between adjacent column faces. Between these 
faces are sub-vertical friction joints having a slight 
slant from the vertical towards the interior of the dam, 
that is, in an upstream or downstream direction ac- 
cording to the side of the dam in which they lie, as 
shown in the cross section (Fig. 4). The top and bot- 
tom surfaces of the blocks, also poured in contact, 
form the sub-horizontal friction joints and also have 
a slight slope to the interior of the dam. as shown 
in the figure. In the intermediate strip there are two 
transition columns tapering towards the top, built up 
of suitably shaped blocks of variable dimensions. 
They create a support wedge on which the two por- 
tions of the dam lean. 

For the cement concrete used for the blocks, the 
normal criteria are followed as for concrete dams. 
Taking into account that in this instance no particular 
watertightness nor high resistance is required, for the 
dams built up to now the aggregate has been divided 
into three classes with an average proportioning of 
cement from 115 to 155 kg/m® of concrete, depending 
on the characteristics of aggregates. 

Similarly, the joint-lubricating gravel used for fill- 
ing the transverse gaps need not have any special 
mechanical or petrographical qualities; it is con- 
sidered advisable only that particle diameters remain 
in the range of 20 to 30 mm with rounded edges to 
facilitate the “lubricant” action. The gravel is placed 
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immediately after stripping the concrete blocks and 
compacted by means of tampers; to keep it from run- 
ning out, the outer blocks are provided with suitable 
expansions at the facings. 

Watertightness is ensured by an upstream mem- 
brane made of 6-mm thick Armco steel plate laid 
directly on the concrete blocks. The membrane is 
subdivided into square panels of some 4 m side by 
special joints consisting of corrugated strips welded 
along the edges of the flat steel panels. The mem- 
brane is attached to the dam facing by means of angle- 
section strips welded on the membrane panels and 
engaging on flat strips fastened to the concrete blocks 
in horizontal grooves, as shown in Fig. 5. This an- 
chorage is designed to allow a certain freedom of 
sliding and flexing of the plate on the concrete and 
at the same time to prevent any warping of the mem- 
brane away from the facing. 

In the dams already constructed the steel plates 
arrived at site in sheets measuring about 2 m by 4m 
and the strips for the joints arrived bent to shape. 
The plates were already painted with a coat of red 
lead. The plates were welded up in the site workshop 
to the size of a panel. Along the top edge of each 
panel was welded the angle section ready for attach- 
ment to the flat strip previously laid in the uorizontal 
groove. Along the bottom edge was welded a corru- 
gated strip for the horizontal joint. and a vertical 
joint strip was welded to one side. Then the panel 
was lifted to its proper place and hung on the anchor- 
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Fig. 7. Pozzillo 


ages, and the welding finished in position. The finished 
membrane is properly fixed to the dam facing at top 
and foot. 


The Platani River Dam 

This dam (Figs. 1, 2 and 3) was built in the years 
1953 to 1954 for Ente Siciliano di Elettricita, in the 
Fanaco Gorge, at El. 615 m above sea level, on the 
Platani River in Sicily. It creates a reservoir having 
a live storage capacity of 19 million m*, which is in- 
tended for combined power production and irrigation 
purposes, this latter covering an extension of about 
3,000 hectares along the river. The overall power 
capacity installed in the two plants supplied by the 
reservoir amounts to 21 MW with an annual average 
output of 25 GWh. 

The foundation at the dam site consists of lime- 
stone formations with clay lenses, which are severely 
folded both at the surface and below, as shown by 
test boring and exploratory tunnelling. Under these 
conditions it was impossible to use a rigid structure 
of the conventional type, since uneven settlement was 
expected throughout the foundation. On the other 
hand, rockfill and earth structures were discarded in 
comparison with a dry-rock masonry dam owing to 
the higher cost of the diversion and outlet works, and 
in turn this latter type of dam was not feasible be- 
cause of the lack of suitable construction material 
at the site. 

The concrete-block structure adopted appeared 
from every angle to be very satisfactory. The dam 
consists of 42 buttresses arranged side by side with 
a straight-crested central body and transition wings 
at both ends. The crest is set at El. 681-00 m and the 
maximum water level at El. 677-50. The maximum 
height of the structure is 66 m above the downstream 
river bed, and the developed crest length is 203 m. 

On the right bank there are the spillway and intake 
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dam from upstream 


works, whereas the bottom outlet is on the left bank. 
The total volume of concrete poured in the dam body 
is 190,000 m*. 

The reservoir outlets are: 

A spillway, controlled by two sliding gates with 
the sill at El. 674-50, measuring 5 m by 1-80 m, 
topped with a 1:20 m high automatic flap. The 
spillage discharges into a sloping waste tunnel, 
about 135 m in length. 

A free-overflow section, with a 35-00-m long sill 
at El. 677-50 m. Two variable-section channels 
convey the spillage to a sloping tunnel, about 138 
m in length. 

A bottom outlet at El. 625-00 m, consisting of a 
2-m diameter tunnel about 142 m long, closed by 
two oil-pressure operated sluice gates arranged in 
series. 

The discharge capacity of these outlets with the 
water level at El. 680-00 totals 563 m*/sec. 

Along the dam foundation, the rock was consoli- 
dated by grouting, and an appropriate drainage sys- 
tem was established in correspondence with the gaps 
between buttresses. 

The aggregates required for the concrete were 
quarried from a limestone bank on the left side of the 
valley some 4 km downstream from the dam, where 
the crushing plant was also installed. The classified 
aggregates were transported by lorries to the silos of 
the concrete batching and mixing plant, arranged near 
the right abutment of the dam. The concrete was dis- 
tributed over the dam by derricks with 2:5 m* buckets. 

Upon completion of construction, measurements of 
ettlement were instituted. As had to be expected, 
substantial initial settlements were observed in the 
foundations, up to an amount of 5 mm in a year in 
the central buttresses. The avpreciable displacements 
taking place in the structure, however, were of no con- 
sequence at all in respect of the good performance 
of the dam. 
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The Pozzillo Dam 

This dam (Figs. 4, 5, 6, 7, 8. 9, and 10) on the 
Salso River near Pozzillo, in Sicily, is included in the 
group of works sponsored by the “Cassa del Mezzo- 
giorno” and “Ente Riforma Agraria in Sicilia,” for 
the hydraulic improvement of the Simeto-Salso basin. 
These works are part of a scheme for combined 
hydro-electric and irrigation purposes covering the 
Catania plain, which was planned by Ente Siciliano 
di Elettricita, and is now well under way. 

The scheme is centred on the reservoirs of Pozzillo, 
with a storage capacity of 141 million m* at El. 366 m, 
and Ancipa on River Troina, with a storage of 30 
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million m* at about El. 950. The hydro-electric pro- 
jects, after full completion of the scheme, will attain 
an overall capacity of 110 MW and an annual output 
of 352 GWh. As to irrigation, the water regulated in 
the seasonal and long-term cycles through the head 
reservoirs and appropriate compensation and irriga- 
tion-integrating ponds will control an area of 36,000 
ha, with actual irrigation over 20,000 ha in the 
Catania plain, which had hitherto been subjected to 
the irregularities of the climate. 

This is the most outstanding multipurpose scheme 
so far carried out in Sicily. The main features of the 
system are the Pozzillo dam here described, which 
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Fig. 9. Pozzillo dam at an early stage of construction 


was built from 1956 to 1958, and the Ancipa dam, a 
cellular-element hollow gravity structure of the type 
elaborated by the writer, which was built from 1949 
to 1952; the latter, with its maximum height of 111 m, 
is still the highest hollow dam in the world. 

The bottom of the Salso River valley in the area 
of the Pozzillo reservoir consists mainly of Tertiary 
clays with some outcrops of quartzitic-sandstone 
banks, mostly fractured and alternating with layers 
of soft clayey marl. These geological conditions also 
prevail at the Pozzillo gorge, which was chosen as the 
dam site. The designer was thus confronted by the 
same problems as had arisen for the Platani dam, with 
the further complication of the heavy floods of the 
River Salso, which, in case of the adoption of a loose- 
material structure, would require costly diversion 
works to avoid the risk of overtopping during con- 
struction. 

To meet these particular conditions, a concrete- 
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block structure was 
chosen for the main body 
of the dam, comprising 
48 buttresses ranged side 
by side. Towards the 
right bank the dam is ter- 
minated by a concretc 
solid gravity wing, while 
on the left bank the clo- 
sure is completed by the 
spillway structure. The 
maximum height of the 
dam is 59-00 m, the crest 
being at El. 368-10 m and 
the maximum storage 
level at El. 366-00 m. 
The concrete-block struc- 
ture has a crest length of 
195-84 m; the total de- 
veloped length of the dam 
is 371-94 m. 

The profile of the dam 
crest is irregular in plan, 
and the centre of the 
main structure is arched 
in a downstream direc- 
tion. This arched transi- 
tion is needed in order to 
key the foundations of 
the upstream portion of 
the dam into a sandstone 
bank outcropping in the 
upstream zone of the 
gorge. In this central 
arched portion the blocks 
were modified to variable 
shapes as required to 
obtain an increasing 
thickness from upstream 
to downstream. 

The total concrete 
volume of the dam body 
is 280,000 m‘*. 

The reservoir outlets 
are: 

A spillway, on the 
left bank, with two 
spans of 13 m each, 
controlled by gates 

with a retention height of 7 m, consisting of a 
4:50 m high sliding element and a superimposed 
automatic flap 2:50 m high. Two adjacent straight 
concrete channels, 320 m long, convey the spillage 
far from the foot of the dam, and discharge into 
a stilling pool. 

A bottom outlet through a 4:30 m diameter 
tunnel driven below the left-bank spillway channel, 
with its sill at El. 317-00 m, and, thus, lower than 
the intake structure, which ensures the possibility of 
gravel-scouring and draining of the reservoir. At a 
point 98 m from the inlet, the tunnel is closed by 
two sluice gates in series; the gate chamber is 
reached through a vertical shaft. 

Ar auxiliary bottom outlet for reservoir drain- 
age, consisting of a valve-controlled steel pipe 
1,100 mm in diameter. The pipe passes through the 
central part of the dam and is about 65 m long, with 
its axis at El. 317-55 m. 
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With the flood-control 
capacity provided in the 
reservoir from El. 366 to 
El. 366°50 m, a maximum 
flood peak flow of 2,000 
m*/sec can be handled. In 
these conditions, with 
water level at El. 366-50 
m the spillway alone can 


discharge about 1,650 
m/sec. 
The intake is on the 


left bank; a pressure tun- 
nel conveys the water to 
the Regabulto power sta- 
tion, a little way down- 
stream from the dam. The 
tunnel is controlled, some 
90 m from the inlet, by 
a sliding gate, which is 
reached through the bot- 
tom outlet shaft. 

The rock at the dam 
site offered good assur- 
ance of watertightness, 
subject to some provi- 
sions for better rock seal- 
ing. In particular, sealing 
and bond groutings were 
carried out between rock 
and concrete along the 
upstream foot of the 
dam, and consolidation 
groutings were made in 
some areas of the founda- 
tions. A complete drain- 
age system, with collect- 
ing galleries, was driven 
along the foundations, 
especially in the marl 
zone, which was also pro- 
tected by gunite layers 
applied just after the 
completion of excavation. 

Concrete aggregates 
were extracted from a 
basalt quarry opened 
some 20 km downstream 
from the Pozzillo gorge. 
This source of supply was retained, although the 
sandstone available at the dam site was generally 
acceptable, in order to ensure better availability and 
homogeneity of the material. The rock was crushed 
at the quarry to three different sizes of coarse aggre- 
gate and to sand (19-1% sand, size 0-3 mm; 29-2%, 
3-20 mm; 23-7°%, 20-50 mm; 28%, 50-100 mm), and 
carried by railway to the concrete-mixing plant which 
was on the right bank near the dam. Concrete was 
placed by four derricks with 2:5 m* buckets. The 
capacity of the concrete plant allowed rates of plac- 
ing of the order of 1,500 m®* per day to be attained. 
Ferro-pozzolanic cement was used for the foundation 
blocks in view of the presence of selenious water. 
and pozzolanic cement for the dam, with a propor- 
tioning of 150 kg/m’. 

_ A system of instruments for measuring settlements, 
joint opening and rotation of some buttresses at the 
abutments was installed in order to observe the be- 
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Fig. 10. Concreting the blocks of Pozzillo dam 


haviour of the structure. Measurements are not yet 
sufficiently advanced to give a full picture of the con- 
ditions, since the elaboration of data covers only the 
construction period and a partial storage in the reser- 
voir; some interesting information, however, was ob- 
tained on foundation settlements, which were found 
to attain 32 mm in rock with vertical stratification, 
and about 7 mm in homogeneous sandstone. 
(To be continued) 


NCK-Rapier Limited, of 32, Victoria Street, London, 
S.W.1, have sent us a brochure and five related leaf- 
lets (publication nos. 1205/1-6), which describe in 
great detail their 1205 excavator. This machine has 
a capacity of 3 cu yards when operating as a face 
shovel and 4 cu yards when used as a dragline. Its 
capacity as a crane is 62 tons, and standard booms of 
up to 150 ft in length are available. 
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Fig. 1. General view of Pyhdkoski power station 


Power trom the Oulu 


One of the most important rivers in the north of Finland is 

now approaching full development, and will have an aggre- 

gate installed capacity of 530 MW and an average annual 

output of 2,750 GWh. This first article describes the catch- 
ment and the overall plan of development 


PART 


INLAND is popularly described as “the land of 
EF: thousand lakes,” so it is not surprising that the 

country’s power economy is based primarily on 
water power. Unfortunately the country is flat, and 
hydro-electric developments are therefore essentially 
of the low-head variety. Also unfortunately, two- 
thirds of the power potential is located in the north, 
whereas the main load centres are in the south; never- 
theless, this has inspired Finland to attain a position 
in the forefront of long-distance transmission develop- 
ment, and a 400-kV trunk line from Pirttikoski power 
station* on the Kemi River to Helsinki—a distance 
of over 700 km.—is now in service. 

The water-power resources of southern Finland are 
now virtually built out, and the preseat pattern of 
development is necessarily that of harnessing the 
country’s northern falls. These are centred mainly in 
two large river catchments—the Kemi River 200 km. 
north of the Arctic Circle and the Oulu River a little 
way south of it. Development of the main course of 
the Oulu River has been completed within the last 








* See Water Power, March 1959, p. 86 
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two or three years, and construction is now proceed- 
ing on its headwaters. Some stations have also been 
completed on the Kemi River, but this catchment will 
be the scene of the major developments of the future. 


The Oulu Catchment 

It is the purpose of these articles to describe the 
developments in the Oulu catchment, and a sketch 
map showing the locations of the various power sta- 
tions is given in Fig. 2. The catchment covers nearly 
23,000 sq. km., of which 11:4% consists of lakes— 
an unusually high proportion for the north of Finland 
and of the utmost benefit for regulation. Of these 
lakes the most important is Lake Oulu, approximately 
in the centre of the waiercourse, which is supplied by 
two upper courses—the Hyrynsalmi (or Ema) flowing 
in from the north-east and the Sotkamo from the east 
—and forms the source of the main river, which dis- 
charges into the Gulf of Bothnia at the city of Oulu. 

Observaiions of river flow and level have been car- 
ried out regularly since 1896. and measurements over 
the period 1911-1950 (before the river was regulated) 
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taken at the head of the main watercourse give a 
maximum flood of 771 cu. m. per sec., a mean flow 
of 224 cu. m. per sec., and a minimum flow of 57 cu. 
m. per sec. Tributaries increase the mean flow at the 
mouth by 30 cu. m. per sec. The Oulu, in fact, is a 
typical Arctic river, subjected to heavy floods in the 
early summer and having a comparatively negligible 
flow in the winter, and the potential value of Lake 
Oulu as a regulator will be immediately evident. 

The main watercourse, from Lake Oulu to the Gulf 
of Bothnia, is 107 km. long and develops a total head 
of 122-5 m. at mean flow. This head was concenirated 
mainly in three sets of rapids, the first of which, the 
Niskakoski rapids, lay at the head of the watercourse 
and presented a head of 35 m. The second set was 
situated rather more than halfway down the river at 
Pyhikoski; these rapids were 17 km. long and offered 
a head of 56 m., and before they were submerged they 
were the longest and biggest rapids in Finland. Be- 
tween Niskakoski and Pyhakoski were smaller rapids, 
having heads of 4—5 m., at Ahmakoski, Utakoski and 
Sotkakoski. The third major set of falls was at the 
mouth of the river within the city boundaries of Oulu, 
and were named the Merikoski rapids. 


Development of the Main River Course 

As early as 1903 the city of Oulu built a small power 
station on one of the outlets of the Merikoski rapids, 
and in 1906 a committee appointed by the Finnish 
Senate made the first partial survey of the power re- 
sources of the river. In 1935 the Governor of the Oulu 


District submitted plans to the Finnish Government 
for the development of the Pyhakoski rapids, and the 
Water Power Commission, as the committee had then 
become, was instructed to investigate. At about this 
time, also, the city of Oulu prepared plans for a sia- 
tion on the Merikoski rapids, and this was eventually 
built. 

Final impetus was given to the exploitation of the 
river by the Winter War of 1940, as a result of which 
Finland had to surrender one third of her hydro- 
electric capacity to Russia, and in the spring of 1941, 
a company named Oulujoki Oy was established to 
develop the whole of the main watercourse apart from 
the Merikoski rapids. Two-thirds of the capital in this 
company is owned by Imatran Voima Oy on be- 
half of the State, the remainder being in the hands of 
the National Pensions Institute and two industrial 
companies, Tampella Oy and United Paper Mills 
Limited. 

This company immediately put in hand the con- 
struction of Pyhikoski power siation in accordance 
with the basic plan drafted by the Water Power Com- 
mission, and completed the station in 1948. At the 
same time further investigations were undertaken in 
order to finalise an overall plan of development, and 
it was decided to exploit the main watercourse in a 
series of six stations, excluding Merikoski, as shown 
in the map, Fig. 2. 

To expedite development, and in particular to 
regulate Lake Oulu as soon as possible, a second con- 
struction team was formed, its first commission being 
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Fig. 3. The earth dam at Aittokoski under construction 


to build Jylhama station, which was to form the 
regulating station for Lake Oulu at the head of the 
watercourse. This station was completed in 1951, and 
the team subsequently moved down-river to build 
Nuojua station in 1954 and Utanen station in 1957. 
In the meantime, the Pyhakoski construction team 
moved downstream to complete Palli station in 1954 
and Montta station in 1957. 

This division of the chain of stations into two sets 
of three for construction purposes is also reflected in 
the pattern of control. The operational headquarters 
for the entire series is at Pyhakoski, and the Palli and 
Montta stations are remote controlled from there. In 
the upper reaches the operational centre is at Nuojua. 
which supervises Jylhama and Utanen stations, but is 
subject to an overriding control from Pyhiakoski. 

Thanks to the regulation of Lake Oulu it has been 
possible to design all these plants for a flow of 450 
cu. m. per sec., as against 370 cu. m. per sec. adopted 
for the city of Oulu’s Merikoski station. Each station 
has three Kaplan units, and, as is only natural, a 
strong family resemblance between the six stations 
can be noted. Nevertheless, special difficulties had to 
be overcome in the construction of certain of the 
stations, and it is interesting to observe how design 
has developed as between the earlier and the later 
stations. This is particularly noticeable in the means 
adopted to economise in civil-engineering and build- 
ing construction. In the later stations superfluous 
length of building in an upstream-downstream direc- 
tion has been avoided by using ouidoor-type operat- 
ing gear for the upstream sluice gates, by making the 
intake passage as short as possible, and by placing the 
downstream sluice gates immediately after the elbows 
of the draft tubes instead of at their mouths. Again, 
at Pyhakoski, which was the first station to be built, 
and at Jylhama, built shortly afterwards, the high- 
voltage switchgear is in a large hall in the power sta- 
tion building, but in the other stations an outdoor 
switchyard is used. 

The heads, capacities and outputs of the seven 
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stations (including Merikoski) on the main watercourse 
are listed in Table I. In addition to these stations there 
is a small plant, Ala-Utos, using the waters of the 
Utos, a right-bank tributary flowing in below Utanen 
station. 


TABLE I.—STATIONS ON THE OULU MAIN WATERCOURSE 








Installed | Average 

Station Mean head |_ capacity annual 

| Output 

m. MW | GWh 

Jylhama 11-0-14-0 50 220 
Nuojua be 22:0 80 | 400 
Utanen |. || 15-7 55 | 280 
Palli na sal 13-9 50 260 
Pyhakoski | 32-3 | 120 610 
Montta _.... Soul 12-2 40 230 
Merikoski aa 11-0 36 200 
118°1-121-1 431 2,200 


The Upper Watercourses 

The Hyrynsalmi watercourse, which, as already 
mentioned, forms one of the two main head-courses 
of the catchment and flows into Lake Oulu from the 
north-east, is now in process of development. It has 
a catchment area of 8,800 sq. km., is 250 km. long, 
and has a maximum difference in elevation of 130 m. 
The waters have their source in Lake Kianta, from 
which a river, the Emi, flows a distance of 105 km. 
to discharge into Lake Oulu. Of the other lakes in 
this catchment the chief is Lake Vuokki from which 
a river of the same name discharges to the Ema 
through its left bank. 

The total head available in the watercourse at mean 
flow is 75-1 m., and this is being developed by a chain 
of four stations, the upper three of which are the pro- 
perty of Oulujoki Oy and the lowermost that of 
Kajaani Oy. 
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Fig. 4. Ammd construction site in winter 





Fig. 5. Fish hatchery at Montta. This was established because the fish do not 
swim beyond Merikoski 


The station at the head of the river acts as the 
regulator for the watercourse and will be the control 
centre for the three Oulujoki Oy stations on the Ema. 
It is known as Ammié and was completed in the 
auiumn of 1959. It is on the site of the Ammianhaara 
rapids and utilises a head of 11-9 m., the installed 
capacity being 14 MW. Seven kilometres downstream 


TABLE II.—-STATIONS ON THE HYRYNSALMI WATERCOURSE 

Installed Average 

Station Mean head capacity annual 
output 

m. MW GWh 
Amma 11:9 14 38 
Aittokoski 28-7 37 130 
Seitenoikea 21:2 29 130 
Leppikoski 12-05 20 85 
73°85 100 383 
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is the Aittokoski station, 
on the rapids of the same 
name, which has a capa- 
city of 37 MW at a head 
of 28:7 m. This station 
was completed in the 
spring of 1960. About 
45 km. downstream of 
Aittokoski is Seitenoikea 
station, which is now 
under construction. It will 
have an installed capacity 
of 29 MW and will oper- 
ate on a head of 21-2 m. 

Substantive designs for 
the lowermost station— 
Leppikoski—will be sub- 
ject to the control of 
Kajaani Oy, but prelimin- 
ary plans drawn up by 
Oulujoki Oy envisage a 
station of 20 MW capa- 
city operating on a head 
of 12-05 m. 

The characteristics of 
these stations are listed in 
Table II. There is also a 
smal]l station on the 
Pyhanta, a left-bank 
tributary of the Ema, 
owned by Kainuun Valo 
Oy. The water rights of 
the other main _ head- 
course, the Sotkamo, are 
owned by Kajaani Oy, 
and have been develcped 
in a chain of four stations 
—Katerma, Kallioinen. 
Koivukoski and Ammi- 
koski — having a total 
installed capacity of 28 
MW and an average an- 
nual output of 160 GWh. 
This tributary is named 
the Kajaani and origin- 
ates in Lake Onto. 


Regulation of the Catchment 

Regulation of an Arctic river such as the Oulu is 
of the utmost importance in order to obtain a suffi- 
ciency of firm power during the winter when river 
flow is low and electrical demand high. Thanks to the 
measures that are being taken to make full use of the 
lake capacity of the catchment, an overall regulation 
of no less than 67% will be achieved. 

In the Hyrynsalmi watercourse the main reservoir 
is Lake Kianta. This is now regulated over a range of 
4 m. by means of the dam at Amma power station 
and provides a useful storage of 710 million cu. m., 
representing a degree of regulation at this point of 
53%. The next reservoir in this catchment in order 
of size is Lake Vuokki, which will be regulated by a 
dam on the River Vuokki at Niipaskoski, and will 
furnish a total live storage of 220 million cu. m. This 
capacity will be provided over a range of level of 
6 m., of which the upper 3 m. will be regulated by 
Niipaskoski dam; thereafter the level will merge with 
that of Aittokoski reservoir and will be controlled by 
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Aittokoski dam. Includ- 
ing several smaller lakes 
capable of being intro- 
duced into the regulating 
system the aggregate stor- 
age capacity of the Hy- 
rynsalmi watercourse will 
amount to 1,050 million 
cu. m. 

In the Sotkamo water- 
course the main storage 
is in Lake Onto, which 
provides 415 million cu. 
m. for a change in level 
of 4:4 m. Several smaller 
lakes have been brought 
into the system by de- 
veloping their intercon- 
necting streams and 
deepening the bed of the 
Kajaani River above Koi- 
vukoski station, bringing 
the total storage capacity 
of the watercourse to 750 
million cu. m. 

As already explained, 
however, it is in Lake 
Oulu that the major stor- 
age Capacity of the catch- 
ment rests. To have de- 
veloped this capacity 
purely by damming would 
have involved a prohibi- 
tive increase in the 
flooded area, and a solu- 
tion has been found by 
lowering the natural mini- 
mum outflow level by 1-5 
m. This has been achieved 
by cutting a channel, 2-5 
km. long, from the lake 
to the forebay of Jylhama 
power station, an opera- 
tion involving underwater 
blasting and the dredging 
of 40,000 cu. m. of rock 
and 45,000 cu. m. of 
earth. With the aid of 
Jylhama dam a range of 
level of 2:7 m. is secured, affording a live storage of 
2,300 million cu. m. Thus the total storage capacity 
of the catchment amounts to 5,100 million cu. m. 


Log Floating 

Finland’s most important natural asset is timber, 
and the requirements of log floating rightly take high 
priority in the design of any hydro-electric develop- 
ment. Of recent years the Finnish timber industry has 
begun to favour floating logs in bundles insiead of 
singly, as this saves timber losses of the order of 
5-10%. besides economising in labour. All the chan- 
nels cut or dredged in the regulation of the catchment 
have accordingly been made large enough to float log 
bundles. The conventional log chute which is such a 
feature of Scandinavian stations is designed to handle 
single logs only, and although normal chutes form 
part of the standard facilities of the stations in the 
Oulu catchment they are tending to be superseded by 
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Fig. 6. The log boom at Utanen station 





Fig. 7. Sauna bath at Seitenoikea. No Finnish establishment is complete without 
this “installation” 


cranes or lifts mounted on the dam, picking up log 
bundles from the headwater and depositing them in 
a pond at the downstream toe of the dam. 


Fish Protection 

The River Oulu was one of Finland’s most famous 
salmon rivers, and the construction of a fish lift was 
commenced at Pyhikoski, but it was not uiilised be- 
cause it was found that the fish did not swim up the 
river beyond Merikoski station at the mouth of the 
river. The money originally allocated to fish passes 
was therefore spent on a modern fish hatchery at 
Montta in which it will be possible to breed 100,000— 
150,000 smolts per annum for release in the river 
mouth. In addition a whitefish is being bred to stock 
the lakes. The hatchery is depicted in Fig. 5. 

In succeeding articles we shall describe the stations 
on the Ema River and on the main Oulu » ‘atercourse. 

(To be continued) 
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Hydraulic Jump in Trapezoidal Channels 
An Improved Method 


The author presents a simple and exact solution of the 
equations in preference to the approximate methods 
hitherto used 


By B. S. MASSEY, 


HE literature on hydraulic jumps in non-reciangu- 

lar channels is remarkably scanty, and the recent 

contribution by Diskin' is thus particularly 
welcome. The method of approximation that he uses 
ior trapezoidal channels, however, !eads to an under- 
estimate of the ratio of conjugate depths (h,/h,). Even 
when a second approximation to the mean value of 
his exponent nm is used, the error in the result may 
«xceed 10%. Such errors might be tolerable if com- 
putation were considerably simplified; yet Diskin’s 
method still requires in effect the solution of a cum- 
bersome equation (his equation (10)). 

Here, however, is a rare example of an exact solu- 
tion being simpler than the approximate one. The 
present writer was stimulated by Diskin’s article to 
examine the exact solution and this is presented in 
the following paragraphs. 


The Exact Solution 

The following assumptions are made: 

1. Over each of the cross sections at which the 
conjugate depths are measured there is (a) a uniform 
velocity distribution and (b) a hydrostatic variation 
of pressure. 

2. The channel bed is smooth and horizontal. 

“External” friction, that is, friction between the 
fluid and the boundaries, is negligible. 

The notation used here closely follows Diskin’s: 

Suffix l=at the reference cross section upstream of 
the jump. 
= :t the reference cross section downstream 
of the jump. 

A=cross-sectional area of flow=h(b+ mh). 
B=width of liquid surface. 
b=base width of channel. 


Suffix 2= 


c=Q/gimh,?/?, 
F=Froude Number=(Q?B/gA*)}. 
f=3Q?/gm*h,® 


g=weight per unit mass (“acceleration due to 
gravity”). 

h=depth of flow 
section). 

h,=distance of centre of area of cross section 
below surface. 


(measured in centre of 


k=b/mh.,. 
/=width of cross section at any height y from 
base. 


m=side slope of cross section (see Fig. 1). (If 
the two sides have different slopes m will be 
the arithmetic mean of the two.) 

Q=rate of flow (volume per unit time). 

v=mean velocity of flow=Q/A. 

x=h,/h,. 

y=vertical co-ordinate, measured upwards from 
base of channel. 











° Department of Mechanical Engineering, University College London 
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An expression for the depth of the centre of area 
of the cross section is readily obtained. Taking 
moments of area about the base of the channel gives 


h A 
A(h-h,)= [ yl dy=| y(b+2my)dy= 
*  4bh? + 3mh! 


*, Ah,= Ah - (4bh* + $mh*)= ae (1) 
The “momentum equation” is: 
re l 
(Ah,), - (Ah), = 2v,-v )=2 (L-+ ) 
), - (Ah,). g Y v,) as 2 (2) 


Substituting from equation (1): 
b i * ea - 
7 (h,? - h,*)+> (h,* - h,*) - 4-4: 
=2 b(h, - h,)+ mh,’ - h,”) 
7 h,h.(b+mh,Xb+ mh, | 


=h, may be removed by divid- 
Then, multiplying by 
6/m*h,°, we <; 


= 9 
[3 x, (1+ i) +2 (145 s is i 1) 
h,\_ 6Q?_ 414 
(a jis ~ gm" a e. + | 


h, ao 
roy =" mes h, Tons gm’*h,? 
E.-. equation: 
[3k(1 + x)+ 2(1 + %+x7)] x (K+ 1K +x)=2f(K + 14+) 
whence: 


x*+ (54 + 1)x° - (Ge 1 )¢k + 1)x 
+[ (Get) a] -F=0 


A simple graphical representation of equation (3) 
becomes possible since it involves three variables 
only. For this purpose, however, it is more convenient 
(and, in practice, more accurate) to use c= ¥ f/3= 

(Continued on page 237) 





The trivial lai | 
ing through by (h,-A.). 


=f we obtain the 


. (3) 

















Fig. 1. Dimensions of a trapezoidal channel 
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The Sira-Kvina Scheme 


A description is given of a proposed 1,360-MW development 
by a joint power company of the Sira and Kvina Rivers in 
South-West Norway 





HE Sira and Kvina Rivers rise in the mountains 

of South-West Norway, and these mountains 

form a demarcation line between the mild Atlan- 
tic climate of West Norway and the inland climate of 
East Norway. The two rivers, which rise at an altitude 
of some 1,000 m, flow parallel to each other over a 
distance of 150 km southwards to the North Sea. Sira, 
the more westerly of the two, flows into the sea at 
Ana-Sira, and Kvina into the northern reaches of the 
Fede Fjord. The catchment area of the Sira is 
1,900 km’, and that of the Kvina 1,400 km’. The aver- 
age run-off of both areas corresponds to 60 lit/sec per 
km*, i.e., nearly 1,900 mm per annum. During the 
winter season there is a low-flow period of six to seven 
months when the temperature is below zero and pre- 
cipitation is in the form of snow. 

The power sources of both rivers have been pur- 
chased by the municipal electricity boards along the 
south coast of Norway, from the Skiens Fjord in the 
east to the city of Stavanger in the west. The State is 
also included in this enterprise. In order to develop 
the hydro-power resources the owners have formed a 
partnership to be administered by a joint power com- 
pany, which will be responsible for the construction 
of the works. and the operation and maintenance of 
the power stations. 


Power Stations 

The scheme provides for full utilisation of both 
rivers in a combined development programme cover- 
ing the power stations listed in Table II. The principal 
feature of this programme is the possibility of utilising 
a head of 445 m in both rivers by means of a joint 
underground power station situated near Tonstad at 
the northern end of Sirdalsvann. This lake and Lunde- 
vann are situated in a 40-km long depression, which 
runs north from Ana-Sira, and the average altitude 


TABLe I. 
Normal height 
Reservoir above sea level 
m 
Sira 
Gravann 638 
Valevann 634 
Kilen 630 
Siravann 675 
Svartevann 780 
Kvina 
Kvifjorden (Nesjen) 677 
Oyarvann 828 
Roskreppfjorden 894 
4na-Sira 
Lundevann 46 
Sirdalsvann ; 51 
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DETAILS OF PROPOSED STORAGE 


of the lakes above sea level is aboui 50 m. 

The Sira water will be diverted from the river near 
Tjérhomvann into a supply tunnel, the cross-sectional 
area of which will be 70 m*. Additional water will be 
collected by the tunnel from Ousdalsvann and from 
tributaries. After a distance of 18-5 km, the tunnel will 
join another, which will divert Kvina water from 
Homstélvann; this will be 7 km long and 50 m* ia 
cross-sectional area. From this point the main sup- 
ply tunnel, 100 m* in cross-sectional area, will 
conduct the water a further distance of 9 km 
to the surge chamber, where it will trifurcate into 
3-4-m diameter steel-lined pressure shafts leading to 
Tonstad power station. Here two 175,000-h.p. Francis 
turbines will be supplied from each shaft, giving a 
total installed capacity of more than one million h.p.. 
or 720-MW generating capacity. A tailrace tunnel, 
100 m® in cross-sectional area, will discharge into 
Sirdalsvann, and the outflow will then be used in the 
Ana-Sira power station, together with the run-off from 
the lower part of the Sira catchment. 


Seasonal and Long-Term Run-off Regulation 

The average annual run-off available for Tonstad 
is 3,600 million m*, which will give an estimated out- 
put at Tonstad of 3,670 GWh per annum. In order to 
obtain this it will be necessary to provide ample stor- 
age reservoirs for the operation of the station during 
the low-flow period of the winter season, as well as 
providing for deficiencies in the total annual run-off. 
Moreover, it has been decided that the winter produc- 
tion is to be taken as 60% of the annual output. 

The storage capacity of the intake basins will be 
only 10 million m* in the Sira branch and 50 million 
m® in the Kvina branch, of which only about half 
will be utilisable. For seasonal control it is considered 
highly important that the storage capacity should be 


RESERVOIRS 
| 


Top water Low water 
level level Storage 
m m m* x 10 
660 625) 
660 625 340 
660 630) 
715 675 170 
850 780 370 
715 680 230 
840 815 145 
925 890 695 
49-5 42 2¢ 
5] 44 1 
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ample in the lower part of the catchment area, so 
that ordinary floodwaters will not be lost. Storage for 
long-term regulation, on the other hand, is considered 
advantageous if located in the upper stretches of the 
rivers where it will represent a higher power poten- 
tial. In both rivers the best locations for large reser- 
voirs are to be found in the highland areas, but ade- 
quate reservoirs for seasonal regulation are also 
found in the lower areas. 


INSTALLED CAPACITIES AND ANNUAI 
SIRA AND KINA STATIONS 


raBLe Il.—PROPOSED 
OUTPUTS FOR THE 


Station Gross Installation Annual 
head capacity | Output 
SE SEEN 
m | MW | GWh 
Sira | 
Ana-Sira 45 | 150 (3)* 560 
Tonstad 445 720 (6) 3,670 
Tjérhom 155 | 120 (4) 415 
Sira 55 30 (1) | 90 
Duge 130 50 (2) | 135 
Kvina | 
Solhom 210 | 180 (4) 670 
Kvina 75 40 (1) | 160 
Oyarvann 50 30 (1) 90 
Roskrepp 85 | 40 (1) 100 
a aes 
[Total | 1,360 5,890 
* Numbers of generating sets are shown in brackets 


The storage reservoirs for the scheme may be con- 
sidered in three groups, as shown in Table I. 

Gravann and Valevann, which are on tributaries of 
the Sira, provide good natural conditions for reser- 
voirs, and, in order to take full advantage of this, the 
main river is to be diverted from Kilen lake by inter- 
connecting tunnels between the three lakes. The level 
of the lakes will be raised. The dam at the outlet of 
Gravann will be the rockfill type with an impervious 
facing on the upstream side, made of either conven- 
tional concrete or asphalt concrete. For the Valevann 
project two alternative sites are being investigated, 
one utilising a double-arch structure, the other a rock- 
fill dam with a maximum height of 80 m. At Kilen an 
arch dam will be suitable at the outlet of the lake. To 
raise the level of Siravann it will be necessary to build 
three or four secondary dams in addition to the main 
arch dam across the river itself. 

The site at the outlet of Svartevann is suitable for 
the construction of a very high dam of either the arch 
or the rockfill type. A 120-m high dam would provide 
a storage reservoir of 1,400 million m*, but as this 
would take three years to fill, the initial requirement 
is for a 70-m high dam. If built as a rockfill structure, 
an increase in the dam’s height may easily be arranged 
at a later date. thus securing welcome additional 
power reserves in years with exceptionally low pre- 
cipitation. 

In the Kvina catchment the natural conditions for 
reservoirs are very good in the comparatively big 
lakes of Kvifjorden, Gyarvann and Roskreppfjorden. 
The most suitable site for a dam required to raise the 
level of Kvifjorden is to be found some three to four 
kilometres downstream at the narrow gorge of Nesjen. 
The main dam across the cleft will either be an arch 
structure with Ambursen dams on both sides or a 
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Plan of Sira-Kvina basin 


rockfill dam. Gyarvann is to be utilised by means of a 
1-km long tunnel and an Ambursen dam. 

The main reservoir will be located in the Roskrepp- 
fjorden lake where it will be possible to secure cheap 
storage of 695 million m* capacity by raising the level 
35 m. The main dam at the outlet will be of the rock- 
fill type, and the secondary dams will be of the Am- 
bursen type. This storage reservoir will also con- 
tribute to long-term regulation. 

The total storage capacity thus obtained in both 
rivers will ensure a regulated output at Tonstad 
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of approximately 98% of the corresponding annual 
run-off. 

For the Ana-Sira development considerable storage 
reservoirs may be obtained in Lundevann and Sirdals- 
vann. A 50-m high arch dam halfway to the sea from 
the outlet of Lundevann will serve as a means of regu- 
lating the flow as well as providing an intake for the 
Ana-Sira power station. Sirdalsvann will be connected 
to Lundevann by means of a 3-km long tunnel. 


The Upper Power Stations 

In order to derive full benefit from the various 
reservoirs on both rivers, the heads between them are 
to be utilised for power production. The most impor- 
tant of these developments will be the utilisation by 
the Tjérhom and the Solhom power stations of the 
first step in both rivers located above the intake level 
of Tonstad. 

Tjérhom will utilise the head between the com- 
bined reservoir formed by Gravann, Valevann, and 
Kilen, and Tjérhomvann reservoir. A 3-km supply 
tunnel, 60 m? in cross-sectional area, will conduct the 
water from the intake in Gravann to the surge cham- 
ber. Two steel-lined pressure shafts will lead down 
to the underground power station located near the 
main road in the valley. 

Solhom will utilise the head from Nesjen to Homs- 
télvann. The power station will be located under- 
ground, with two pressure shafts almost directly be- 


will lead down to the Duge power station, from which 
point a 4-km long tailrace tunnel, 40 m? in cross- 
sectional area, is to discharge into Holmevann. 

In the Kvina basin the head between the Nesjen- 
Kvifjorden and the Gyarvann reservoirs will be 
utilised in two steps, the lower one of which will be 
brought about by the construction of an arch dam 
across the valley a short distance upstream from 
Kvinen farm. The head is to be utilised in the under- 
ground power station at Kvina by means of short 
supply and tailrace tunnels. The upper power station 
of Oyarvann will be supplied from the lake through 
a 4-km long tunnel, 40 m? in cross-sectional area, 
and the water will discharge into the artificial lake 
created by the dam for the Kvina power station. 

From the Roskreppfjorden reservoir a 3-5-km long 
supply tunnel, 40 m? in cross-sectional area, will feed 
the Roskrepp power station located at the northern 
end of Gyarvann. 

The upper power stations will be operated mainly 
during the winter season when the storage water is 
needed for the supply of Tonstad power station. 


The Construction Stages 

The several developments, with a potential total 
annual capacity of nearly 6,000 GWh, can hardly be 
instituted simultaneously. The stages given in Table 
II have therefore been proposed as a reasonable 
order of precedence for the construction of the power 


TABLE III.—PrRopOsSED STAGES OF DEVELOPMENT 


Stage Power Stations Reservoirs 
I Ana-Sira | Lundevann, 
Sirdalsvann 
Tonstad | Homstélvann., 
Roskreppfjorden 
1] Tonstad II - 
Tjérhom Gravann, Valevann, 
Kilen 
Ill Tonstad III Svartevann 
Solhom | Nesjen 
IV | Sira Siravann 
Duge — 
Kvina ail 
Oyarvann Oyarvann 
Roskrepp 


Output 
Installation 
Stage Accumulative 
MW GWh GWh 
150 
240 1,950 1.950 
240 
120 1,950 3,900 
240 
180 1,175 5,075 
30 
50 
40 
30 
40 815 5,890 
1,360 5.890 | 5.890 


neath the intake, and a 4-km long tailrace tunnel, 
60 m? in cross-sectional area, will discharge into the 
Homstélvann reservoir near Solhom farm. Access to 
the power station will be obtained by means of a 
1-km long tunnel, having a gradient of 1 in 10. 
Higher up the Sira valley, a single-turbine power 
station will use the head between the Siravann and 
the Kilen reservoirs, and from the highest reservoir 
in the Sira system, the Svartevann, a pressure shaft 
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stations and the reservoirs concerned. 

The construction of Tonstad can be divided natur- 
ally into three stages, each employing one of the pres- 
sure shafts and two generating units. Sufficient water 
for the first of these stages can be obtained from the 
Kvina branch of the supply tunnel alone, with the 
Homstélvann and Roskreppfjorden reservoirs avail- 
able for run-off regulation. In order to benefit fully 
from the diversion of the Kvina, it is considered an 


WATER POWER June 1961 











advantage to include in this stage the construction of 
the Ana-Sira power station, and the Lundevann and 
Sirdalsvann reservoirs. 

In the second stage, with another two units in 
Tonstad completed, the Sira branch of the supply 
tunnel as well as some storage reservoirs in the Sira 
catchment will have to be constructed. As the intake 
basin will be very limited in the Sira branch this is 
considered to be a convenient stage at which to utilise 
the Gravann-Valevann-Kilen reservoirs, as these will 
also be useful during the construction of the Tjér- 
hom power station. 

In order to secure additional power for the last 
group of generating units at Tonstad, allowance must 
be made for further storage facilities in both the Sira 
and the Kvina basins. In the Sira valley this can be 
achieved by the construction of Svartevann reservoir, 
and in the Kvina valley by the Nesjen-Kvifjorden 
reservoir. The Solhom power station is to be con- 
structed at the same time as the latter reservoir, into 
which water from two sub-catchments of the Sira will 
be diverted. The lower reach of the Austd6la River, 
a tributary of the Kvina, is to be diverted into the 


Homstélvann reservoir. The total output after this 
stage will amount to some 5,000 GWh. 

The last stage will include the construction of the 
remaining power stations in the upper reaches of both 
rivers, as well as the diversion of water from some of 
the lower-lying catchments of the Kvina for the sup- 
ply of Tonstad power station. 

A suitable time schedule for the construction of 
these power plants would be four years for the first 
stage, and another two years for each of the two sub- 
sequent stages. The items scheduled for the last stage 
could then be built as the demands arose. 

Preliminary work, such as the building of roads and 
the provision of temporary power facilities, should 
be completed prior to the commencement of the 
actual construction programme. 

Access to the areas in question is fairly good by 
railway as well as by the main highway from Oslo to 
Stavanger, and both rivers are within easy reach. The 
nearest ports are at Flekkefjord, Egersund and 
Stavanger. Road connections are good in the Sira 
valley, whence there is also good access to the upper 
parts of the Kvina basin. 





Corrugated-Aluminium-Sheathed Cables 

British Insulated Callender’s Cables Limited have 
received two interesting contracts from widely separ- 
ated parts of the British Commonwealth, each of 
which is for the supply of oil-filled cable with cor- 
rugated-seamless-aluminium sheathing protected by 
an extruded PVC jacket. The installations are at 
Bulimba, near Brisbane, Queensland, and on Van- 
couver Island, British Columbia. The Australian con- 
tract, which has been placed by the Southern Elec- 
trical Authority of Queensland, covers an installation 
for operation at 33 kV, and includes both single and 
three-core cables and the provision of accessories of 
BICC design. The cables will be installed on open 
reinforced-concrete shelves in an underground ven- 
tilated tunnel. The Canadian contract was placed by 
the British Columbia Electric Company Limited and 
is for single-core cables to operate at 138 kV between 
Horsey substation and Stratford substation on the 
outskirts of Victoria, the capital of British Columbia. 
Two circuits are to be installed complete with the 
necessary accessories, and the cables will be drawn 
into ducts. Installation will be carried out by the 
Phillips Electrical Construction Company Limited, a 
member of the BICC Group. 


Line-Fault Locators Ordered. The South of Scotland 
Electricity Board and the North of Scotland Hydro- 
Electric Board have now placed orders with Ferranti 
Limited for a.c.-type line-fault locators for detecting 
the position of permanent and transient faults, includ- 
ing flashovers between conductors, on HV transmis- 
sion lines. The fault locator was described in detail 
in the April issue of WATER Power. 


Film on the Use of Conveyors in Aggregate Produc- 
tion. Hugh Wood & Co. Ltd. recently exhibited two 
films from their library depicting the wide range of 
application of their belt conveyors. The second, which 
was in colour, portrayed the use of conveyors for the 
aggregate plant on the Owen Falls construction work, 
thus illustrating the part played by this equipment in 
hydro-electric engineering. This film was well made 
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and most enjoyable, and amply covered all aspects of 
aggregate production at the site. 





From page 232 
Q/g'mh,*!? rather than f as a parameter. This quan- 
tity, it may be noted, is related to the initial Froude 
Number F, by the expression: 
c=F, /&+1" ... (4) 
k+2 

A range of values of each of the parameters is 
plotted in Fig. 2. The line kK=0 gives the solution for 
a triangular channel and the range k=0 to SO is 
probably sufficient for all practical purposes. (For 
values of k in excess of 50 the usual quadratic expres- 
sion for the hydraulic jump in a rectangular channel 
will yield an approximate value of x; this value may 
be refined, if desired, by iteration in equation (3).) 

In addition to indicating the ratio of conjugate 
depths for given initial conditions, this chart may be 
used “in reverse” to estimate the rate of flow Q from 
observed values of h, and h,. Although a similar pro- 
cedure is possible also with Diskin’s chart at the cost 
of a little calculation, the use, in reverse, of his ap- 
proximate method can lead to considerable inaccuracy 
in the value of Q. 





Postscript 

Since this article was written it has been found 
that Stevens? obtained a similar, though slightly more 
complex, exact solution and his equation was subse- 
quently given a graphical representation by Hickox’. 
Hickox’s chart, however, seems somewhat tedious to 
use; not only does the choice of parameters result in 
a congested graph (particularly for moderate values 
of h,/h,) but more preliminary calculation is required 
than for the present writer’s method. 
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A New Approach to Load Curves 


The author suggests a new method of representing load- 

duration curves which takes into account the variation 

in efficiency with load of the component parts of an 

installation. This second article shows how the method 

can be used to determine the optimum conditions for 

maximum output from or minimum input energy to a 
hydro-electric system 


By M. KAMAL GOHAR, M.Sc., Ph.D.* 


PART TWO 


F Pin = f(t) represents the input power to the 

turbines of a hydro-electric system with relation to 

the time f,and 7 = ¢(Pin) represents the correspond- 

ing variation of the efficiency with relation to the input 

power Pj, then the hydro-electric power output at any 

time t= Pout = 7Pin=/(1)d¢(Pin), and the corresponding 
- 


S(t) o[f(o] at 


o 

Eout. This integration is not easily estimated analytically 
unless both f(t) and ¢(Pin) are expressed in convenient 
forms. In his previous article the author suggested a 
new representation for the practical load-duration 
curves. In this article, another convenient representa- 
tion for the applied efficiency curves is suggested, by 
which the output energy in a given time can be esti- 
mated easily, and a simple comparison made between 
the corresponding values from different hydro- 
electric systems. Conditions for the optimum efficiency 
curves of known characteristics and for given load- 
duration curves are determined here also. The same 
can be said if the output load-duration curve is given 
instead of the input load-duration one, but in this case 
the minimum input energy is required as Pin 
Pout Hout- 

If abcd in Fig. 12 represents the input load-duration 
curve for a given plant, the corresponding power 
output depends on the corresponding efficiency 
relation, some types of which are shown in Figs. 15 and 
16. Supposing that the efficiency has its maximum 
value near the full load and a relatively low value at 
partial loads, the power output may take the from 
a‘b'c'd’ in Fig. 12; but if the maximum efficiency 
occurs at an intermediate lower value below the full 
load, the corresponding power output may take the 
form a’b’c’d". The output energy in the first case is 
represented here by the area oa’b'c'd’To whereas it is 
represented in the second case by the area oa"b"c"d"To. 
Generally the two areas are not equal. In designing 
hydro-electric schemes, it is always desired to obtain 
the maximum useful energy output in a given time. If 
the energy and power output are known, it is required 
in such a case to obtain the minimum possible energy 
input. 

Representation of Efficiency Curves 

The variation of the efficiency with respect to the 

load depends on the corresponding variation of losses 


output energy in a given time T 
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in the system. As shown in Fig. 15, the efficiency curve 
may be sharply bent at its maximum value as given 
by the broken curve, or it may be a relatively flat one as 
given by the full curve. Fig. 16 shows other efficiency 
curves for the turbine, and for the turbine, generator 
and transformer. 

A convenient representation for such curves is 


n = ax — bx" ven’ COP 
where 7» is the required efficiency ; x is the ratio between 
the applied load to the maximum load = P/Pmax (x of 
course is less than | except in case of overloads, where 
it should not operate for a long time); a, b, and n in 
equation (35) are constants which are to be determined 
according to the conditions and characteristics of the 
efficiency curve. 

To verify that equation (35) is a convenient represen- 
tation for practical cases, a linear relation should be 
obtained when plotting log (a — »/x) against log x. 
This has been checked satisfactorily for different 
practical efficiency curves, examples of which are 
shown in Fig. 17 for the efficiency curves given in 
Fig. 15. In Appendix | it is illustrated how the constant 
values, a, b, and n can be determined. In the case of the 
dotted efficiency curve of Fig. 15, the representation 
is found to be in the form: 


n = 2:78x — 2:2x'"775 ... (36) 
(a = 2-78, b = 2:2, and n = 1-775) 

and for the full-line efficiency curve in the same 
figure. 


n = 2:51x — 1-88x'8?5 


(a = 2-51, b = 1-88, and n = 1-825) 

As stated in Appendix I the value of nm can be 
determined from the graph, but the final required 
values of a and b must be determined analytically. 

Tables I and II give a comparison between the 
theoretical and practical efficiency values, from which 
it can be seen that equation (35) is a convenient 
representation for the efficiency curves. 


... (37) 





TABLE I. RESULTS FOR THE Dotrep Curve (Fic. 15) 
x 0:2 0-4 0-8 1:0 

n theoretical 0-43 0-682 0-744 0:58 
7 practical 0-43 0-71 0-72 0-58 
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Representation of Load-Duration Curves 

It has been shown in the previous article that a con- 
venient representation for the load-duration curve can 
be given by three straight lines such as ab, bc, and cd 
in Fig. 12, where ab and cd are parallel to the time 
axis. The line ab corresponds to time h, cd to time fe, 
and bc to time fs. The time period required 


T=, +1, +1; . (38) 
Output Energy 

In Fig. 12 if abcd represents the input load-duration 
curve where oa represents the maximum input power 
Pmax and Td represents the minimum input power 
Pin, then in the first case during the time f; the power 
is constant and x = 1; hence from equation (35) 
» — a — b and the corresponding output energy 


= Pa — b)t; .. (39) 


Similarly in the second case during the time fe the 
output energy 
= Prrin(@0q — bO3)t2 = Prrax(A95 — bO5**)t, 
. (40) 
where 4% Pmin/Pmax 
During the time f3 corresponding 
Fig. 12 the output energy will be 


|, ja(1 - +" t) _ b(1 - 1s ‘) | 


0 3 


to part dc in 


~ss (44) 





1-0 
x Prrax (1 — ° 1) dt 
13 
From equations (39), (40) and (41) the total output 
energy in the total period % + fe + fg will be 


weak a = b)t, + Pnax( 406 — b05* *)t, 
a — 63) bt,(1 — 05*?) 
m™1 3(1—05) (n+ 2)(1 — 09) 
... (42) 


From equation (42) the output energy for a given 
system can be estimated and a comparison between 
the different available values can be calculated. 


Optimum Efficiency Curve with a Given Maximum 
Value and a Known Family Characteristic 
Equation (42) gives the output energy of a system of 

which the values of fi, fz, t3, Pmax and Pmin are known 

from the corresponding input load-duration curve. 

This is the case of many hydro-electric power schemes, 

where the available input water power and energy 

during the year are known and it will be required to 




















TABLE II. RESULTS FOR THE FuLt Curve (Fic. 15) 

x 0-125 0-25 05 0655 O75 10 
7 theoretical 0-272 0-4775 0-73 0-778 0-715 0-63 
n practical 0-285 0-51 0:72 0-78 0:75 0-63 





obtain the maximum available output energy. 

Usually the maximum efficiency and the corre- 
sponding index n of equation (35) are known from the 
types of machines and apparatus used. Fig. 13 repre- 
sents a family of such efficiency curves having the 
same maximum value, but acting at different loads. It 
is required in such a case to find the load at which the 
efficiency will have its maximum value so that the 
maximum energy output will be produced in the whole 
period ) + tz + fs. 

From equation (35) 


n = ax — bx" 
Maximum efficiency will occur when 


dn 


—* 0 =a—nbx""' . (43) 
i.e. the efficiency will be maximum when 
noo 
x= (5 . (44) 
Substituting this value of x in equation (35) 
Nmax = O(n — »(4)~ ve 
nb 
i.e. a= f(a "p! “4 ... (46) 
n—1 


Thus knowing ymax and v the relation between a and b 
can be deduced from equation (46). 

Again from equation (42), the maximum output 
energy (Eout)max Wili be produced when 
dE 


out 


db 


da t,(1 — 08) 





| Pa + Prrax!296 + P 


~ db —_ Xi ~~ id) 
t,(1 — 0%*?) 
co Fouad a Prraxt 299" ‘4 max ee Oo wae 
| ' ai. (n + 2)(1 — 8) 


... (47) 


From equations (46) and (47) the condition for 
maximum output is 




















FIG. 12 


WATER POWER June 1961 





LOAD 0 02 0-4 06 08 i) 
FIG 13 


xr 
FIG. 14 

















= oe OW SPECIFIC SPEED | 
a a Gey ak 
/ \ 
60 +—$-—+ + + — + + + af 
/ , MEDIUM SPECIFIC SPEED 
/ ia 
SO +s + 4 + + + 4 
” ; % 
PS / \ 
40 f a a | + ) oe 
; 5 
i i} 
Dd + + — + + + —++ -_— + + 
4) + . + + + + = 4 4 
j | 
H 
0 + $+ + + + + 
i i | | 
0 400 800 ,200 1,600 2000 
FLOW 3pm 
FIG. 15 


dat, + 05° 't, + [t3(1 — 0*7))/[(n + 201 — 9)] 


db t, + O3t, + [t3(1 — 03)]/[3(1 — %)] 





yn-I1/n 
"max 


b(n — 1). 


from which 5 can be determined. The values of a and 
the load at which ymax should occur can be calculated 
from equations (46) and (44) respectively. 

It should be noticed from equation (48) that such a 
condition for the maximum efficiency depends on the 
ratio of Pmin/Pmax = 9%, together with fh, fe, t3 of the 
corresponding input load-duration curve, but will not 
depend on the value of either Pmax or Pmin alone. 


.-» (48) 





Input Energy from the Corresponding Efficiency and 
Output Load-Duration Curves 
If on the other hand, the output load-duration curve 
is known the parameters of which in this case are 
(Pout)max, (Pout)min, ¢’1, t’2 and t's as previously indi- 
cated, the corresponding efficiency curve can be 
represented in this case by 
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Nour = ax’ — b’x™ ... (49) 


os load output 
~t | a ~ maximum load output’ 


’ 





where x 


Nout is the efficiency corresponding to the output 
Pout, a’, 5’, and n’ are constants representing the 


efficiency curve. 

In this case the input power Pin = Pout/nout, 
i.e. when Pout is equal to its maximum value during 
the time ¢’1, x’ = 1, and the corresponding energy 


input will be equal to 
ifa™ , 
(a’—b’) ' 
when the Pout is equal to its minimum value during 
the time ¢’2, x’ = 6’9 in this case, and the corresponding 

energy input will be 

(Pour) min » (Pecan t’ 
a’8y — b'(0,)" > a’ — b'(H,)"—* 7 


... (50) 


a oo 


























FIG. 18 
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Similarly when Pout varies linearly with the time 
from its maximum to its minimum value during the 
time ¢’s, the corresponding energy input will be 


rr’ 





Practical Verifications 

Assuming that abcd in Fig. 12 represents the input 
load-duration curve, the maximum value of which 
Pmax = 1,000 g.p.m. = 60,000 g.p.h. to be operated 








| a (Pourdmax dt —~<»-;  ... (52) for time 4 =6 hours; Pmin = 320 g.p.m. to be 
qo &-bT1-(1-O,/t,] operated for time fe = 12 hours; ts = 6 hours, i.e. 
’ ; the total period = T = th) + te + ts = 24 hours. 
The total energy input in the whole time f’; + t’2 + t’s 6y = 0-32 
will be 7) : a 
E, = (Pou 5 ve ta — . 15 | {2(n’ — Dd — 05) ‘2 l —_ 0 l 
a’—b’ a’—b'Os-' (1—652n' — 1) 1 a a’—-b a —bor- 3 


As shown in Appendix II, equation (53) gives the 
required available input energy, from which a com- 
parison between these values for different systems can 
be estimated directly. 


Optimum Efficiency Curve with a Maximum Value and 
a Known Family Characteristic to Give the Mini- 
mum Input Energy 
It has already been indicated how the optimum 

efficiency curve with a maximum value and a known 

family characteristic can be estimated to give the 
maximum output energy for a given system. In that 
case the input load-duration curve should be known, 
and this usually has a fixed average value in many 
hydro-electric power schemes. In this section a similar 
case will be applied. Instead of having the input load- 
duration curve to determine the maximum energy 
output, the output load-duration curve may be known 
and it will be required to find the conditions for the 
minimum energy input. This will be useful in cases of 
the industrial plant where the output energy may be 
considered to be fixed. 

With respect to equation (53), the minimum energy 
input will occur when 


... (53) 


If we choose the dotted efficiency curve of Fig. 15, 
which is represented by equation (36), to be applied 
in this example we get 

= 27626 —272:8 1-775 

Substituting in equation (42), the corresponding 
energy output 
= 60,000(2:78 — 2:2) x 6 + 60,000 

x (2:78 x 0-32? — 2:2 x 0-327°775) x 12 + 60,000 


2:78 x 6(1 — 0-323) 2:2 x 61 — _ 
3(1 — 0-32) 3-775(1 — 0-32) 





= 5-136 x 10° gal ... (56) 


On the other hand, by keeping the maximum 
efficiency value 0-78 and the index n of equation (36) 
fixed, the optimum value of b can be determined from 
equation (48), giving 


b = 1-353 ose Ga) 


From equation (42) the corresponding value of a 
will be 

















qdEm _ 9 . (54) a=21 ... (58) 
db 2 . ee 
ic. (Pou) | ty t,(0o)" —' 1 (1 Oy" | 
1.€. ; — : 
outer t (a’ — b’y fa’ — b'(@5)" a (1 — 04)(2n’ — 1) \(a’ — b’)? {a’ — b'(05)" ~ 7) 
da’ ts i t’ 2(n’ — 1)1 — & | 4 ’ 
an Sao f , eg ’ ——, 1 +r , : , = a : , \2 , 9% =r3)||=0 
db’ \(a'— bb’? (a’— b'05 (1 — 06)(2n’ — 1) he (a’— b’)* (a’— b'05~*) | 


From which 























ty t 3 ' 1 FE | 
+ ; + An’ — 11 — 6 - 
1 Gr * rer? * = en" = 1) | in — DU ~ 00) + Gop - rege 
da rs T the ; 1 ag" 
d — a \2 + 2 oe z+ ~ , | — =~ P=§ || 
db dQ—-r)? (a-re"-')? (1-—6)2n-D\i-r)? (1-—r'0¢"~')?) 


Using the relation given in equation (46), r’ = b’/a’, 
a quantity less than 1 when applied in equation (55). 

In order to determine the values of r’ from equation 
(55) more quickly, charts for 1/[(1 — «r’)*] for all 
practical ranges of « are given in Fig. 18. 

The required values of a’, b’, and the output load at 
which the efficiency will have its maximum value, can 
be determined from equation (55), and the relations 
given in equations (46) and (44). 
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w.» (55) 





The values of a and 5 in equation (36) should there- 
fore be replaced by those given in equations (57) and 
(58). 

The output energy from equation (42) will be 
5-5332 x 105, representing an increase of 3,972 gal 
per day. From equation (44), the corresponding load at 
which the efficiency should have its maximum value 

= Pmax x = 1000 x 0-84 = 840 g.p.m. where x = 0-84 
from equation (46). 
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APPENDIX | 

From the dotted curve in Fig. 15, assuming the 
maximum load 1,000 g.p.m., Table III gives the 
variation of », and »/x with respect to x for this 
efficiency curve. 

In Fig. 14, a curve is plotted to represent the relation 
between »/x and x. If equation (35) is correct the value 
of a in equation (35) should be deduced from the inter- 
section of the curve in Fig. 14 with the »/x axis, which 
gives a value = 2°8. 

The value of a being approximately known, the 
corresponding values of (a — »/x) against x can be 
deduced as shown in Table III. 





TABLE III 
x 0:2 0-4 0:8 1-0 
n 0-43 0-71 0-72 0-58 
n/x 2-15 1-775 0-9 0-58 
(a — »/x) 65 1-025 1:9 2:22 


The broken straight line in Fig. 17 practically represents 
the relation between log(a — »/x) and log x, which is 
a check to the correctness of the representation sug- 
gested by equation (35). The slope of this straight line 
will indicate the value of (” — 1), while its intercept 
with the log(a — »/x) axis will indicate the value of b. 
For precise results, the values of n — | and n can be 
calculated from the slope of the line given in Fig. 17; 
but the values of a and 6 must becalculated analytically 
by substituting two convenient points in equation (35) 
as n is now known. These two points are preferably 
the points at which x = | and x corresponds to the 
maximum efficiency value. 
Applying this method here, we have: 
The dotted straight line in Fig. 17 passes through the 





two points: x = 0-2, (a n/x) = 0-65 and x = 08, 
(a — »/x) = 1-9; hence n — 1 = 0-775, 1.e., n = 1-775. 
From the broken curve in Fig. 15 we have at 
x 1-0, » = 0-58; and when x = 0-6, » = 0-78. 


Substituting these two points in equation (35) as shown 
in equations (59) and (60) 


0:58 =a—b 
0-78 = a(0-6) — b(0-6)''77° 


+ GS) 
. (60) 


The required values for a and 4 can be determined 
from equations (59) and (60) as previously stated. Thus 


a = 278 and b = 2:2 _.. (61) 


The full line in Fig. 17 represents the relation 
between log(a — »/x) and logx for the full-line 
efficiency curve given in Fig. 15. This is another check 
on the correctness of the suggested representation of 
equation (35). 

APPENDIX II 
The input energy from equations (50), (51) and (52) 








= (Pou) | _— 

it out/max a’ a b’ a’ pm ver’ 
* dt 6) 
> a —b[1—U — Ooty)" ae 


From equation (52), 
(*’ 


, dt 
o a —b' [1 —(1 — 01/05)" ~! 
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can be evaluated as follows: 


1 — 05 i- 0% 


oe a ae ee 


putting uv = 
13 


. (63) 
The integration term in equation (52) can be writ- 
ten now in the form 


é 


max ._ , —— r , 
1-0, Jo,’ — bu"! 





( Fos ) 


t' - dy 
= (PF edens + | ———s tee (64) 

a’(1 — 09)m J mo, 1 — y 

by putting 
: hb’ : ; b’ 1/n’—1 
yr! =—y"~' =(mu)*"'; m= (—} 
a a 

. (65) 


From equation (65), m is a quantity less than 1, as 
b’ <@ anda > }t. 

As the limits of the last integral of equation (64) 
are m@’o and m, both of which are less than |, then in 
equation (64) y is always less than 1, and hence 


——— 1 4 lle ‘ ells b yeeros a 


.+» (66) 


From equation (64) and (66) the integration term 
of equation (52) is: 
ty 
[oe = , , 
umm a'(1— 05)” 





yon m 
xly+—+——— +... 
n 2n’' — 1 


.. (67) 


m0'o 


As y is less than 1, while n’ is greater than 1, the first 
three terms of the series given in equation (67) are 
quite sufficient for the evaluation of equation (52) in 
all the practical ranges applied. Equation (68) is 
another more convenient form for representing equa- 
tion (67): 

t 


E;, during time t3; = (P.u)max 
, a'(1 — 06)m 





y" yon 1 pon’ 2 m 
x |y + + YH HS 
“  2n'—1 2n’—1 = 2n'-1 J m0’o 
..» (68) 


Comparing equations (67) and (68) we find that the 
first and third terms of the series are equal in both equa- 
tions, whereas the second term is reduced in equation 
(68) by the ratio n’/2n’ — 1 as compared with the corre- 
sponding one in equation (67); but this reduction in the 
value of the second term in equation (68) is nearly 
equalised by another increase in the rest of the other 
smaller terms of the series. The result is that both 
equations (67) and (68) have nearly the same total 
value for all practical ranges, as has been previously 
indicated. 

By the ordinary methods for estimating the summa- 
tion of a geometric series, equation (69) is the required 
evaluation for equation (68) and hence for equa- 
tion (52). 
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E,, during time 5 = (Pou)max a Sn 
. , (1 — 06)(2n' — 1) 
2(n’ — ih — 05) | lo | 


ar boi" —1 





a a’-b’ « 
(69) 


From equations (62) and (69) the total input energy 
can be deduced as equation (53). 
(To be continued) 


Book Reviews 


L’Hydrologie de ’Ingénieur. By G. Réméniéras. Pub- 
lished by Editions Eyrolles, 61, boulevard Saint- 
Germain, Paris 5°. 414 pp., 198 ff., 47 tables. Price 
41-65 NF, including packing and postage abroad. 

This book, which forms part of the collection of 
the Laboratoire National d’Hydraulique, is an attrac- 
tively compiled textbook on practical hydrology, and 
it appears to have been developed from the author’s 
earlier book, “Eléments d’Hydrologie Appliquée,” 
which was reviewed in the November 1960 issue of 
WATER Power. The author, who is in charge of hy- 
draulic studies at the design and research department 
of Electricité de France, obviously has a considerable 
command of the subject of hydrology, and this longer 
treatise is therefore fully justified. 

M. Réméniéras has divided his work into two 
approximately equal parts, the first dealing with the 
various elements affecting river flow—and this in- 
cludes a very comprehensive account of the meteoro- 
logical and climatological aspects—and the second 
with the study of the nature of river flow. Of the five 
chapters that comprise the first part of the book, the 
two largest are devoted to precipitation and evapora- 
tion. The chapter on precipitation covers all aspects 
of measurement, and the presentation and analysis of 
observed data, and some six pages are devoted to an 
account of the theory and practice of artificially in- 
duced rainfall. Evaporation and transpiration are 
similarly treated in a comprehensive fashion but only 
brief mention is made of the latest developments in 
the control of evaporation from lakes and reservoirs 
by artificial means. This chapter is particularly well 
developed when dealing with transpiration and 
evaporation from soil surfaces. 

Elsewhere in Part I of the book, the author dis- 
cusses the effects of the physical characteristics of a 
catchment on its run-off. He rightly notes that the part 
played by wooded areas of a catchment remains the 
subject of much controversy, and it is interesting to 
notice that M. Réméniéras considers that, in a dry 
climate, the existence of a forest may result in a lower 
mean river flow than if there were no wooded area, 
and this he considers is due to the greater evaporation 
losses from the forested land. 

The author commences the second part of his work 
with a description of the various methods of stream 
gauging, including the preparation of stage-discharge 
curves, and then proceeds to deal with the study of 
river regimes. This is, in general, treated thoroughly, 
although we would have welcomed a larger discus- 
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sion of the old problem of the extension of limited 
flow data. The analysis and prediction of hydrographs 
are well covered, and, in this chapter, is included 
some particularly interesting information on the 
capacities of various soils for infiltration by surface 
water. The ninth and final chapter is devoted to floods 
and the estimation of their maximum probable values. 
The usual empirical methods of estimation are des- 
cribed, and the author gives us his own selection from 
the many formulae available in this field. Statistical 
methods of maximum flood estimation are described, 
and appropriate words of warning given. Finally, 
flood estimation based on such methods as rainfall 
frequency and “maximum possible” rainfall charts is 
discussed. 

Although there is no index to this book, the table 
of contents should lead the reader rapidly to the sub- 
ject in which he is interested, and the value of the 
work is greatly enhanced by the provision of an ex- 
tensive bibliography at the end of each chapter. Some 
noted omissions from these bibliographies may be ex- 
cused, as we agree with the author’s remarks in his 
preface concerning the multitude of publications on 
the science of hydrology. Considered as a whole, the 
author has made a worthy attempt at producing an 
unencumbered textbook on the subject, and, for those 
engineers who are at home with the French language, 
this should prove a worthwhile addition to their 
libraries. 


Kempe’s Engineers Year-Book, 1961, Edited by C. E. 
Prockter, M.I.E.E., M.I.Mech.E., under the direction 
of B. W. Pendred, M.I.Mech.E., M.1.S.I. Published 
by Morgan Brothers (Publishers) Limited, 28 Essex 
Street, Strand, London, W.C.2. Two volumes, 2,732 
pp. Price 87s. 6d. Postage 2s. 6d. 

The 66th edition of this year-book maintains the 
high standards of previous editions and, once again, 
major revisions and additions have been made, thus 
keeping the treatment of the many subjects well up- 
to-date. The index is, as usual, very comprehensive. 

Of the several chapters that have been largely 
revised, those likely to be of interest to hydro-electric 
engineers are the sections Hydraulics (Mechanics of 
Fluids), and Units of Measurement. Additions to 
existing chapters include: Developments in Bearing 
Materials (Shafts and Couplings); Arc-Air Cutting, 
and Stud Welding Guns (Welding and Cutting): 
Water Storage and Yield from Reservoirs, Com- 
pensation Water, Design Data for Concrete Dams 
(Water Engineering); Universal Beams, Universal 
Columns (Design of Steel Structures). 

The considerable wealth of information contained 
in the 84 chapters of the two volumes makes this 
one of the most useful reference books available to 
the engineer, and it is excellent value for its com- 
paratively low cost. 


Riittelbeton. By Prof. Dr.-Ing.habil. Kurt Walz. Pub- 
lished by Wilhelm Ernst & Sohr, Hohenzollerndamm 
169, Berlin-Wilmersdorf, 1960. 168 pp., 97 ff. Price 
DM. 16°80. 

Professor Kurt Walz brought out the first edition 
of this important book in 1943. An up-to-date revised 
version is now available, in German, in the form of 
the third. or 1960, edition. This is a book o° 168 
pages, with 97 diagrams, and it includes a valuable 
bibliography of no less that 270 references. A sub- 
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stantial proportion of these references are British 
and American sources, with a sprinkling of French. 
This fact significantly reflects the breadth and 
thoroughness of the author’s approach, and on these 
counts the book deserves considerable respect. 

All aspects of current techniques of compaction 
of concrete by vibration, and their results, are dealt 
with. There are separate chapters on internal, surface, 
shutter and table vibration, but before reaching these, 
the reader has been taken remorselessly through the 
fundamentals of mix design and their relation to 
compaction, additives, air entrainment, and all the 
well-known variables. These questions are viewed 
from the angle of their relation to vibration possi- 
bilities and effects. 

The author expresses the hope that his book will 
help the engineer on the site, as well as the advanced 
technologist, and perhaps the manufacturer of vibra- 
tion equipment. None of these individuals would fail 
to benefit in their own fields from a study of Prof. 
Walz’s work, but the strong point of the treatise is 
that their tasks are all given their due importance, 
and their interdependence is clearly shown. 

In most respects the sequence and presentation of 
the data are admirable. The diagrams, for instance, 
show the scatter of the experimental points on which 
the deduction was based as well as the idealised 
relationships a compliment to the curiosity and 
scepticism of the reader not paid by all writers. The 
logical chapter divisions, and the decimal-system 
subdivisions, would enable a reader with the 
sketchiest knowledge of German to find his way 
about. 

This clarity and accessibility is most necessary, for 
only the dedicated concrete technologist will be dis- 
posed to read continuously through such heavily 
concentrated matter. For the rest, here is an out- 
standingly useful work of reference, and a link of 
some importance between European and American 
practice in concrete technology. 


L.E.C, Publication 117-2, Recommended Graphical 
Symbols, Part 2. Published by the Central Office of 
the International Electrotechnical Commission, 1, 
rue de Varembé, Geneva. 30 pp. Price Sw. Fr. 6. 

Publication 117 replaces the former Publications 
35 and 42, which dealt with graphical symbols for 
heavy and light electrical engineering. The new 
edition is being issued in parts, and this part, the 
text of which is in English and French, contains 78 
recommended symbols relating to machines, trans- 
formers, primary cells and accumulators. 


Grodze (Cofferdams). By Prof. mgr. inz. Stanislaw 
Hiickel, Technical University, Gdansk. Published by 
Wydawnictwo Arkady, P.O. Box 198, Warsaw, 1959. 
64 in by 9 in, 210 pp., 166 ff. Price in Poland ZI. 27. 

In this work, which is intended both as a reference 
book for the practical engineer and as a textbook for 
technical schools, the author deals with the planning, 
design and construction of cofferdams. All the various 
types of cofferdams used in actual practice are des- 
cribed and discussed. Following an introduction 
devoted to generalities, there are separate chapters 
on the hydraulic aspects of cofferdam design, on the 
different types of cofferdams (earthfill, rockfill, 
caisson-type structures, sheet-piling, etc.), as well as 
the special problems associated with their construc- 
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tion and use. A few typical examples of structures 
built in Poland, the USSR and France are described 
in the final chapter. Mathematics are reduced to a 
minimum. Print and illustrations, which are confined 
to diagrams, are excellent. 


Russian for the Scientist, By John and Ludmilla B. 
Turkevich. Published by D. Van Nostrand Company, 
Inc., Princeton, New Jersey. Distributed in Great 
Britain by D. Van Nostrand Co. Ltd., 358, Kensing- 
ton High Street, London, W.14. 6 in by 84 in, 255 pp., 
illustrated. Price, cloth bound, 25s. 

This is a much more ambitious publication than 
George E. Condoyannis’s “Scientific Russian,” re- 
viewed in WATER POWER in September 1960, p. 367. 
The latter work reduces grammar to elementals, and 
aims primarily at enabling its user to read Russian 
technical and scientific journals and books within the 
shortest possible time, whereas “Russian for the 
Scientist” goes much more deeply into the intricacies 
of declension, conjugation and other niceties of this 
most difficult of all Slavonic languages. Results may, 
of course, be faster or slower, according to the apti- 
tude of the student for languages; on the whole, how- 
ever, we are inclined to prefer “Russian for the Scien- 
tist” because of its more progressive layout. The two 
tables giving the imperfect and perfect tenses aspect 
of verbs of locomotion should prove very help/iul; 
this also applies to the diagrams, which are excellent. 


Water Power Resources of Canada (Bulletin No. 
2721). Copies may be obtained free of charge from 
the Director, Water Resources Branch, Department 
of Northern Affairs and National Resources, Ottawa. 

The water-power resources of Canada at the end 
of 1960 are shown as totalling more than 46 million 
h.p. under conditions of low stream flow and over 66 
million h.p. at average flow. The total of 1,741,820 
h.p. of new capacity installed during 1960, while fall- 
ing short of the record total of 2.508.800 h.p. of new 
capacity installed in the previous year, nevertheless 
represents a significant addition to Canada’s hydro- 
electric generating capacity. Construction at present 
in progress is expected to yield approximately 243,000 
h.p. of new capacity in 1961 and an additional 
4,500,000 h.p. of new capacity within the next few 
years, with provision made for a further 1,000,000 h.p. 
as required in subsequent years. At the end of 1960, 
the total installed capacity of hydro-electric and 
hydraulic stations in Canada amounted to 26,375,444 
h.p., equivalent to 1,481 h.p. per thousand of popula- 
tion. About 77% of the country’s total existing water 
power capacity has been installed by utilities and the 
remainder by industry. The pulp and paper and the 
mineral industries are important consumers of energy 
produced from water power. 


Bibliography of Hydrometry. By Steponas Kolupaila, 
Dr. Eng. Published by University of Notre Dame 
Press, Notre Dame, Indiana, U.S.A. 975 pp. 1961. 
Price $10.00. 

This is such a monumental work that it is difficult 
to give an adequate impression of its comprehensive 
nature, for the book is, in fact, the product of Prof. 
Kolupaila’s labours since 1915. Since that time, when 
he qualified in Moscow, the author has pursued his 
specialised study of hydrometry undaunted by the 
ravages of war and revolution in Russia, Lithuania 
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(of which country he is a native), and Germany. In 
1948 Prof. Kolupaila was invited by the University 
of Notre Dame to become a member of the faculty 
of its College of Engineering, and it was there that 
he was finally able to complete this outstanding 
bibliography. 

The book, which is completely up to date, con- 
tains 7,370 titles of papers on hydrometry in more 
than 30 languages, and the index of names includes 
4,500 persons. The author says in his preliminary re- 
marks that chaos and confusion currently reign in 


the realm of bibliography, and it is clear that he has 
gone to very considerable lengths to ensure that his 
work has been laid out according to a logical system, 
which is carefully explained. The high degree of ac- 
curacy is nowhere more apparent than in the author’s 
treatment of transliteration problems. 

Prof. Kolupaila modestly says that his book does 
not pretend to be complete, but it must surely be one 
of the most comprehensive bibliographies of its kind, 
and it can be unhesitatingly recommended as an in- 
valuable reference work on hydrometry. 





Combined Surface Density and Moisture Meter 


The rapid and accurate determination of in situ 
soil density and moisture content has long been a 
substantial problem to those responsible for the con- 
trol and supervision of soil compaction on such works 
as earthfill dams and embankments. A useful advance 
towards solving the problem appears to have been 
made by Soil Mechanics Limited, of 65 Old Church 
Street, London, S.W.3, who, in association with 
Dynatron Radio Limited, have developed over the 
last few years a portable instrument, which employs 
nuclear techniques, for the rapid im situ measurement 
of the basic soil properties. An accuracy of 15% is 
claimed for the results given by the apparatus, and 
the time required for making both measurements is 
stated to be less than five minutes. 

The theory underlying this method of measure- 
ment of the in situ bulk density of a soil is that the 
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Fig. 1. Arrangement for density test 


density is proportional to the number of atoms per 
unit volume, and that when a radioactive source 
emitting gamma rays is placed in the soil the rays 
collide with the electrons in the atoms of the soil, 
and are ultimately absorbed. If a gamma detector is 
placed at a fixed distance from the source, the gamma 
intensity reaching the detector is inversely propor- 
tional to the soil density. 

In the equipment the source is housed in a probe 
(see Fig. 1), which penetrates the ground to a fixed 
depth, and the gamma intensity is detected by a 
Geiger-Miiller tube at the surface. In soils that are too 
compact to permit penetration of the probe without 
undue disturbance of the soil, the unit can be oper- 
ated with the gamma source at the surface. In this 
case the density of the soil is proportional to the in- 
tensity of the gamma rays scattered back from the 


WATER POWER June 1961] 


soil, although some loss in sensitivity is experienced 
with this method. A typical calibration curve for the 
bulk-density determination is given in Fig. 2. 

For the soil-moisture measurement, the principle 
applied is that fast neutrons emitted from a radio- 
active source are slowed down by collision with the 
nuclei of hydrogen present in the soil moisture. If a 
slow-neutron detector is placed at a fixed distance 
from the source, the intensity of slow neutrons at the 
detector is proportional to the moisture content. 

In practice a fast-neutron source is placed on the 
ground surface, and the intensity of slow neutrons 
scattered back from the soil is detected by a boron- 
trifluoride proportional counter positioned next to 
the source (see Fig. 3). A typical calibration curve for 
use with this method is shown in Fig. 4. 

The equipment consists of three separate items, 
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Fig. 2. Typical density calibration curve 
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ALDEADAVILA - Spain 


6 vertical-shaft Francis turbines 
Output 125000 kW Head 139 m 
Speed 187.5 rpm 


Hydraulic and mechanical equipment for power stations and dams 
« Neyrfor » drilling equipment. Hydrodynamic transmissions. High-output 


fans (Stork licence). Hydraulic conveying and grading plant. Mecha- 
nically synchronised hydraulic bending presses. Equipment 


for irrigation and water supply systems. Wind-driven 
machinery Hydraulic measuring equipment. Equipment for 
hydraulics laboratories. Special equipment for nuclear 
engineering Assembling, welding and machining of large 
and complicated components. 


GRENOBLE Avenue de Beauvert PARIS XVI 2-10 Rue Bellin: 
Téléphone: 44 55 30 Téléphone PAS 51 09 


SPECIALISTS IN LIGHT AND HEAVY ENGINEERING 
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Fig. 3. Arrangement for moisture test 


which are the measuring unit, the scaling unit, and a 
battery. They are portable but, owing to the weight 
of the lead shielding in the measuring unit, handling 
on site may be facilitated by the provision of a small 
hand trolley. 

The measuring unit contains both the density- and 
the moisture-measuring systems. The density system 
comprises a caesium-137 source contained in the end 
of a stainless-steel probe, and a Geiger-Miiller 
gamma detector. The moisture system consists of a 
radium-beryllium source, a boron-trifluoride propor- 
tional counter, and a transistorised EHT and pre- 
amplifier assembly. The sources are shielded by lead 
and heavy alloy to comply with safety requirements. 
A locking device is fitted to the probe so that the 





SLOW NEUTRONS, 1,000 counts /min 











0 0 20 30 40 50 
WATER CONTENT, Ib/ft? 


Fig. 4. Typical moisture calibration curve 


WATER POWER June 1961 


caesium source cannot be accidentally exposed or 
removed. The complete unit is housed in a light-alloy 
hammer-finished case, which is provided with carry- 
ing handles and strap. The total weight of the unit 
and case is some 95 Ib. 

The scaling unit is a completely portable Dynatron 
scaler. The circuit includes five counting display 
tubes, which are fed by transistors, and which pro- 
vide a total count of 99,999 with a resolving time 
of 300 microseconds. The unit includes a voltage 
stabiliser for the Geiger-Miiller tube, a test-pulse 
generator and a built-in stopwatch. This unit is 
housed in a steel case, also provided with a carry- 
ing strap, and the combined weight is 24 lb. 

The power source is a 4-8-V Nife battery, which 
has a capacity of 7 Ah. The normal supply current 
is 0-6 A. The weight of this unit, including its transit 
case, is 8 Ib. 

The measuring unit is bedded on the surface of the 
soil, and the probe is then pushed into the soil to a 
depth of six or eight inches. The unit is connected to 
the scaler, and a count taken for a set period moni- 
tored by the timer. Counts are made with the scaler 
switched first to the density control and then to the 
moisture control. The bulk density and moisture con- 
tent in units of Ib/ft® can be determined from the 
calibration curves, and the dry density is then ob- 
tained by simple subtraction. 


Release Agent for Concrete 
Shuttering 


Corrosion Limited, of Warsash Road, Warsash, 
near Southampton, England, have announced the in- 
troduction of their Polytile shutter release, which is a 
coating designed for use on wooden and steel concrete 
shuttering to improve the release properties of the 
shuttering. Polytile shutter release is brushed or 
sprayed on the shutter surface, and it is stated to dry 
quickly to a very hard, glossy coating with appreci- 
able resistance to moisture, abrasion, and impact 
damage. The shuttering is claimed to come away per- 
fectly cleanly from the concrete, and to leave a con- 
crete surface with far fewer blowholes than normal. 
The agent is stated to be clean and dry, and not to 
deposit any kind of film on the concrete, unlike the 
conventional use of oil. 

Polytile shutter release is available in the United 
Kingdom at 82s. 6d./gal, and is claimed to have a very 
high rate of coverage on both wood and steel. The 
cost of the treatment, allowing two coats, is estimated 
to be about 2s. 6d./sq yard. 


Power Jacks for Sluice Gates 


The Shawinigan Water and Power Company has 
recently placed an order with Mattersons Limited, 
Rochdale, Lancs., who are associated with the United 
Steel Corporation of Canada, for a set of four power- 
operated jacks for handling the sluice gates at 
Shawinigan power station. Each jack can lift 20 short 
tons—giving an aggregate capacity of 80 short tons 
for the set—and has a travel of 5 ft 4 in to enable a 
gate to be raised or lowered through a total range of 
35 ft in 5-ft lifts. It consists of a steel screw having 
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Wherever the going is tough 


you'll find an FIMLG 


Tough conditions call for tough equipment—Eimco equipment. 








Whether it is a tunnel to be driven against the clock or a furnace 
to be repaired in a hurry Eimco loaders speed the job, cut costs 


and keep on loading no matter what the conditions. 










if YOU have a tough job you can’t beat an Eimco. 





EIMCO (GREAT BRITAIN) LIMITED 


HEAD OFFICE: TEAM VALLEY, GATESHEAD 11, CO. DURHAM. ‘PHONE: LOW FELL 7-7241. 
LONDON OFFICE: PRINCES HOUSE, PICCADILLY, W.1. "PHONE: REGENT 2184 
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a single-start acme thread engaging a split bronze 
nut, about 10 in long, mounted in a trunnion block 
on which a crosshead pivots. The screw is suspended 
from a ball thrust bearing, and is driven at the lower 
end by a 5-h.p. motor through a reduction gear, both 
the motor and the gear being totally enclosed. An 
electromechanical brake is mounted on the upper 
shaft extension of the motor. The jacks can be 
operated simultaneously or run in any combination 
from a control point at one of the jacks, and indi- 


vidual pushbutton control at each jack provides for 
any jack to be positioned. The jacks are carried in 
a steel frame mounted on bogies running on top of 
the dam, and engage the sluice-gate lift rods through 
crossbeams spanning the crossheads of each pair of 
jacks. A hand-operated latching mechanism holds 
the lift rod while the crosshead is traversed for the 
next lifting or lowering stage. Limit switches are 
provided, and a reserve steel nut on each jack can 
support the load if the bronze nut fails. 


Holman Crawler Drill Rig 


— & 





The Holman Holtrac operating with fully depressed boom. The minimum height of hole that can be drilled 
at an inclination of 1 in 10 is 9 in 


The recently introduced Holman Holtrac is a 
powerful crawler-mounted drilling rig, which is com- 
bined with a towed air compressor to form a self- 
propelled unit capable of being operated by one man. 
It may be equipped with either an SL 160 Holman 
heavy drifter, which was described in our January 
1961 issue, or the lighter SL 16A. The total weight of 
the unit, without a compressor, is 7.400 Ib. 

The power unit consists of two Holman 5R Roto- 
motors, each of which has a capacity of 74 h.p., and 
the unit operates through an eight-plate Bristol Trac- 
tor clutch. Maximum track oscillation over all types 
of ground is obtained by means of a knee-action sys- 
tem, which is claimed to ensure stability and 
manoeuvrability under adverse site and quarry con- 
ditions, and the travelling speed is stated to be ap- 
proximately | m.p.h. Laminated-rubber track pads 
are available if required. 

All hydraulic and pneumatic controls for the car- 
riage are concentrated on one panel, and dual control 
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for the drifter and feed motor is provided at the slides. 
A dead-man control automatically returns the car- 
riage control levers to neutral, and applies powerful 
air brakes when released. A pedal-operated air valve. 
which can only be operated from the driving seat, is 
fitted as an additional safety feature. 

The hydraulic-pump motor is a 4-h.p. 60N5 
machine. Boom movement and feed positioning are 
effected by light controls, and the hydraulic move- 
ments consist of elevating, lowering and slewing the 
boom, and dumping, swinging and crowding the drill 
carriage. The reach is such that breast holes 8 ft 9 in 
above ground level, and spaced 7 ft 6 in apart, can 
be drilled from one setting. The maximum drilling 
height with the boom horizontal is 9 ft 3 in, and the 
minimum height for a hole inclined at | in 10 is 9 in. 
In the accompanying illustrations the rig is shown 
operating in the vertical position, and at the minimum 
height. 

For dry drilling effective dust suppression is said 
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We construct and supply: 


Hydraulic steel structures 

Weirs 

River and sea locks 

By-pass gates, safety gates 

Valley storage dams 

High-pressure piping (penstocks) 

Dock gates 

Ship lifts 

Slipways 

Floating cranes 

All hydraulic structures (including mechanical 
and electrical equipment) are supplied and erected 
ready for operation. 


Photos | and 2 
7 spillway tainter gates 12 x 12 m for dam flood control 


Photo 3 

Wye pipe for hydraulic power conduit 
Inlet opening 7010 mm @ 

Outlet opening 4240, pressure 7.6 atm. g 
Rate of discharge 17 cu. m/sec 


FRIED. KRUPP MASCHINEN- UND STAHLBAU RHEINHAUSEN 
U.K. Agents: J. M. J. Maus Ltd., 35 New Broad Street, London E.C.2 







































The Holtrac drilling a vertical hole 











Abstracts from the 
World Technical Press 


Banded Pipes for Penstock Construction 

A banded pipe consists of a thin shell of weldable 
steel plate surrounded by uniformly spaced rolled 
reinforcing rings of high-tensile steel. The rings are 
the main strength elements, and an economical and 
reliable structure is secured. The author distinguishes 
between two methods of constructing pipes of this 
type. In the cold-banding process the pipe itself is 
welded to a diameter less than the desired value, 
and the rings are finished to such an internal diameter 
that they can be slipped over the pipe without diffi- 
culty. Water pressure is then applied inside the pipe 
to expand the pipe beyond its elastic limit into con- 
tact with the rings; further pressure expands the rings 
so that when the pressure is removed the desired 
shrinkage is obtained. In the hot-banding process the 
rings are made in a circular-rolling mill and hot 
calibrated to an internal diameter approximately 1% 
smaller than the one they will have after shrinking 
on to the web. They are then quenched and tempered, 
and are cold calibrated by a machine which will 
break a defective ring. The rings are finally reheated, 
at a temperature below the quenching one which, 
however, permits recrystallisation after the cold cali- 
bration, and slipped over the pipe, which they engage 
by a shrink fit on cooling. The author contends that 
the results obtained by the two methods are entirely 
different. Hot-banded pipes possess a preset factor 
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away. 


Insulating Shroud tor AWCO 
Line Tap 


A new thermoplastic insulating shroud is being 
marketed by Aluminium Wire & Cable Co. Ltd.. of 
2 St. James’s Square, London, S.W.1, for use with the 
AWCO saddle tap on overhead power lines. It is a 
two-part injection moulding, comprising a body and a 
press-on cap. The material of the shroud is said to 
have been subjected to extensive tests under varying 
conditions of exposure over a range of operating tem- 
peratures. The shroud is stated to be low in price, and 
has been designed to use only a small quantity of 
suitable sealing compound, which can also be sup- 
plied by the company. 

The shroud will be made in two sizes. The smaller 
shroud (LTS-1), for use with the ALT-1 tap, which 
accommodates conductor diameters of 0:177—0-366 in, 
is available for immediate delivery; the larger size 
(LTS-2), for use with the ALT-2 tap, which accom- 
modates conductor diameters of 0-367—0°558 in, will 
be available shortly. Data sheet 8.12, which gives full 
details of this equipment, is available from AWCO. 


of safety in relation to the natural yield point of the 
material; with cold-banded pipes this condition does 
not exist because the pipe has been permanently cold 
strained and cannot undergo appropriate heat treat- 
ment. The author supports his conclusions by detailed 
calculations and diagrams of the stressing conditions 
in both cases. (Giovanni Mattioli, L’Energia Elettrica, 
Vol. 38, No. 7, July 1960. An English translation of 
this article is available from Acciaieria e Tubificio 
di Brescia. Brescia, Italy.) 


Blasting a Spillway Channel 

This article describes how a 300-ft high sloping- 
core rockfill dam on Alabama’s Black Warrior River 
was built mainly with spoil blasted from its spillway 
channel by fertiliser-grade ammonium nitrate. This 
channel, a 4,800-ft long cut skirting the right-bank 
abutment, contributed 3-8 million cu yards of rock to 
the 5-million cu-yard embankment. The job required 
2.000 tons of the blasting agent: the average shot pro- 
vided 100,000 cu yards of rockfill, and the maximum 
shot produced 120,000 cu yards. Each shot took four 
or five days to set up, and developed the rock to a 
depth of 40 to 50 ft over an area of an acre or more. 
A detailed account of the blasting and rock-dumping 
procedure is given. (Engineering News-Record, Vol. 
165, No. 21, November 24, 1960, p. 44. 5 pp., 11 ff.) 


Operation and Maintenance at Grand 
Coulee 
The mode of operation of the Grand Coulee pump- 
ing plant, and the maintenance work it involves, are 
briefly reviewed. Although the scheme was built pri- 
marily as a major irrigation project, it is one of the 
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to be achieved by means of a 30 ft*/min dust-eductor 
unit, which is designed to bring the dust and chip- 
pings under control as they emerge from the mouth 
of the drill hole, and to blow them a safe distance 
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largest producers of electrical energy in the world. 
The Grand Coulee itse!f, which has given its name to 
the scheme, is a prehistoric channel, which is now 
used as part of the water storage and irrigation sys- 
tem. The backbone of the system is the Franklin D. 
Roosevelt Lake behind Grand Coulee, which supplies 
the six 150,000-h.p. turbines of the power station 
erected at the toe of the dam. The pumping station is 
designed to accommodate a total of 12 pumps, two 
of which are on standby, and it is located directly 
behind the west abutment of the dam. Each of the 
108-MW generators is synchronised with two pump 
motors. Each year, the motor-pump units are given 
a maintenance check, which can generally be com- 
pleted in five eight-hour shifts. A major maintenance 
item to date has been the repair of the cavitated areas 
on the pump impellers. The cavitated areas are burned 
out by the electric-arc-air method until a good surface 
is Obtained on the parent metal, and a layer of arc- 
welded stainless steel is then applied. The stainless 
steel of the repaired areas appears to be in its original 
condition even after five or six operating seasons. The 
pumping plant has been running very satisfactorily 
with six pumps since the start of the project’s first 
Official irrigation season in 1952, and only minor 
changes are planned in the design and installation con- 
tracts for the remaining six pump units, which are to 
be added, when required, to meet the irrigation water 
demand when the project’s development continues to 
its ultimate size of 1,029,000 acres. (Glenn Barker, 
Power Engineering, December 1960, p. 82, 4 pp., 4 ff.) 


Keepit Dam Completed 

Though no power facilities are included in this New 
South Wales irrigation and flow-regulation scheme, 
this structure presents some features of particular in- 
terest. The main wall consists of a 950-ft long con- 
crete section, completed on the southern end by an 
earth embankment, giving a total crest length of 
1,750 ft. The reservoir created has a capacity of 
345,000 acre ft. The concrete section includes a spill- 
way block with six radial gates, each 49 ft by 37 ft. 
Approximately 356,000 cu yards of concrete and 
712,000 cu yards of rolled earth, rock and shingle 
were placed. (Australian Civil Engineering and Con- 
struction, Vol. 2, No. 1, October 3, 1960, p. 42, 3 pp.. 
3 ff.) 

Note: This journal also contains a survey of “Aus- 
tralia’s Major Development Projects,” p. 48, 5 pp.., 
2 ff.. as well as an article by F. W. Wingrove on “Con- 
structional Cableways,” p. 57, 3 pp., 7 ff. 


A Comparative Study of the Kaplan and 
Dériaz Turbines 

Following a brief historical survey of the develop- 
ment of the Dériaz turbine (WATER Power, February 
1960. p. 49) and of its applications, the author re- 
views the hydraulic and mechanical considerations 
involved in a comparative study of the two types. The 
Dériaz turbine has a higher efficiency and a lower 
cavitation factor, and results in a reduced size of the 
power house and its service crane, a reduction of the 
runaway speed, and, consequently, more economical 
generators, and a reduction of the excessive flow at 
overspeeds, involving, in the case of underground 
plants, less excavation work for the tailrace tunnel. 
The paper concludes with an analysis of the results 
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achieved in tests with a scale model of a turbine fitted 
with either a Kaplan or a Dériaz runner, both of which 
were designed for identical operating conditions and 
which were used with the same scroll, guide vanes 
and drait tube. (P. Dériaz, La Houille Blanche, Vol. 
15, No. 4, June 1960, p. 331, 13 pp., 14 ff.) 


Chute-des-Passes 345-kV Transmission Line 

The Chute-des-Passes generating station of the 
Aluminium Company of Canada, Limited, was com- 
pleted early in 1960 with the installation of the last 
of five 200,000-h.p. units. A 345-kV transmission 
system was built to transmit this power a distance 
of 91-2 miles to the south for interconnection with 
the existing 2-6 million h.p. Saguenay hydro-electric 
system. Design and construction features of this trans- 
mission system are recorded in the paper along with 
data on a new type of aluminium guyed tower that 
was installed in a short section of one of the lines. 
(H. B. White, The Engineering Journal, Vol. 43, No. 
10, October 1960, p. 99, 6 pp., 9 ff.) 


The S. Valpurga Plant 

This plant of the Trentina di Elettricita S.p.A. con- 
stitutes the third stage of the development of the 
Valsura stream, a right-bank tributary of the Adige 
River. The two downstream plants of this develop- 
ment at Lana and S. Pancrazio have been in operation 
since 1953 and 1957 respectively, and work on the 
upstream plant at Fontana Bianca, which will com- 
plete the whole development, has now reached an 
advanced stage. The S. Valpurga station is supplied 
by the Fontana Bianca reservoir, which is created by 
two fairly similar earthfill dams, one across the main 
bed of the stream, and the other across a secondary 
bed. Both dams have an impervious core of sandy 
silt with an admixture of clay and gravel. This core, 
2:5 m wide at the top and slightly wider at the bot- 
tom, is between two layers of transition material, 
which, with the core, slant from the top towards the 
upstream face of the dam. Other structures are: a 
gravity conduit, open over most of its length, which 
collects the waters from minor right-bank tributaries 
of the Valsura stream and conveys them, through a 
syphon across the Montechiesa valley, to the Fontana 
Bianca reservoir; a diversion pressure tunnel, which, 
on its way from the north bank of the Fontana Bianca 
reservoir to the penstock, gathers the water from smal- 
ler left-bank tributaries of the stream; a surge tank 
between the diversion tunnel and the penstock; and 
a surface power station at Pracupola, equipped with 
two 25-MVA alternators driven by single-jet Pelton 
wheels. The tailrace of the plant discharges into the 
Valsura at a point that will later form the upstream 
tip of the Zoccolo reservoir, on which work is to start 
shortly. The total area drained is 66:75 km’. Operat- 
ing with a theoretical head of 730-2 m, the plant will 
produce 119-0 GWh annually. (L’Energia Elettrica, 
Vol. XXXVII. No. 12b, December 1960, p. 1,184, 
22 pp., 24 ff.) 


Field Tests on 420-kV Air-Blast Circuit 


Breakers 
An account is given of the field tests carried out 
on August 16, 1959, with the new ASEA air-blast 
circuit breakers of the HVH 420/1610 type, which 
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have a rated current of 1,600 A and a breaking 
capacity of 15,000 MVA at 420 kV. In view of the 
protection afforded against lightning surges, the de- 
cisive phenomena in determining insulation level are 
the internal voltage surges. The tests were therefore 
directed to initiating interval overvoltages by the fol 
lowing switching operations: (1) Breaking of a 100- 
700 kui line under no load at a voltage of 550 kV 
before breaking and a supply-frequency voltage of 
400 kV on the input side immediately after breaking 
(Knax = 2°5); (2) Breaking of a 100-700 km line, the 
far end of which is loaded with a transformer under 
no load or with a transformer loaded with reactors 
at service voltages up to 420 kV (Knax=3-3); (3) 
Breaking of a transformer circuit under no load with 
a rated output of up to 600 MVA at voltages up to 
420 kV (Kinax=3°3); (4) Breaking of a transformer 
circuit with a rated output of up to 600 MVA loaded 
with reactors having outputs between 40 and 180 
MVA at voltages up to 420 kV (Kuax=3-3). The 
overvoltage factor k is the ratio between the peak 
value of the overvoltage to earth on breaking and 
the peak value of the phase voltage before breaking. 
A brief description of the new circuit breaker is also 
given. (S. Groop and L. R. Bergstrém, ASEA 
Journal, Vol. 33, No. 12, p. 179, 8 pp., 8 ff., 1 plate 
in colour.) 


Unexpected Discovery on Dam Site 

Preconstruction exploration at the site of the Corps 
of Engineers’ Cougar dam in Oregon, which is stated 
to be potentially the world’s highest rockfill dam, re- 
vealed what appeared to be a number of apparently 
unconnected potholes in the foundation gravel. Actual 
excavation proved, however, that most of the potholes 
were connected. and were actually a buried river 
channel extending under the core area of the proposed 
445-ft high embankment. Construction plans were 
therefore revised, and the entire channel under the 
core was excavated and backfilled with 11,900 cu 
yards of lean concrete. It is not yet known if the old 
channel will delay completion of the structure, which 
was originally scheduled for March 1, 1963. (En- 
gineering News-Record, Vol. 165, December 1, 1960, 
S 2, § 


Prepakt Backfill for Tumut-2 Penstocks 

A detailed description is given of the grouting 
procedure adopted for the Tumut-2 twin pressure 
shafts, which have an internal diameter of 11 ft 6 in 
and are approximately 1,100 ft in length from the 
headrace surge shaft to the power station. Each shaft 
birfurcates into two horizontal steel-lined sections 
8 ft in diameter, tapering to 6 ft diameter at the power 
station; the lining thickness is 14 in at the lower end, 
and 3 in at the upper end. Encasing the steel liners 
with Prepakt concrete was started in February 1960 
in shaft A and completed in June 1960, the same 
operation for shaft B being effected between July and 
September 1960. Approximately 8,000 cu yards of 
Prepakt concrete were placed round the steel liners: 
the average rate of advance was 15 ft 6 in per day 
of completed lined sha/t, which work included instal- 
ling the liners, welding their joints, and concreting. 
A conspicuous feature of the construction sequence, 
which is described in detail, was the “rocking” method 
of placing the coarse aggregate either in the forms 
or behind the steel liners. The “rocking” equipment. 
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a 30-ft long by 14-in diameter steel pipe mounted on 
wheels, was lowered down the shaft to just above 
the steel liner by a 3-ton winch, and was attached 
by slings to the rail-track sleepers. Three half-round 
chutes were fixed along the crowns of the upper 
liners, and these were removed as the coarse aggre- 
gate progressively filled up the space around the liners. 
After the placing of 8 cu yards of aggregate, the liners 
were blown down with compressed air to remove the 
fine aggregate particles that occasionally accumulated 
at the stiffener ring on the outside of the liner. “Rock- 
ing” 48 ft of steel liner with coarse aggregate usually 
took from 16 to 24 hours and used an average of 200 
to 250 cu yards. (D. Thomson and John A. Cave, 
Australian Civil Engineering & Construction, Vol. 2, 
No. 3, December 3, 1960, p. 43, 7 pp., 7 ff.) 


Warragamba Dam 

This dam. which is built in a steep gorge on the 
Warragamba River about 50 miles west of Sydney, is 
a straight gravity-type structure of mass concrete, 
1,100 ft long at the crest, 440 ft high from the lowest 
foundation level to the roadway over the crest, and 
657 ft wide from its heel to the end of the apron. It 
creates a maximum storage capacity of 460,000 mil- 
lion gallons and incorporates a 300-ft wide central 
spillway designed to pass a flood of 354,000 cusecs at 
a depth of flow of about 57 ft over the crest; a 35-ft 
deep by 90-ft long drum gate controls the central bay, 
which is flanked on either side by two smaller bays 
equipped with 40 by 40-ft radial gates. The 317-ft 
long apron has the same width as the spillway block. 
Concrete training walls, 135 ft high at the base of the 
downstream face, extend upwards to merge with piers 
ai the crest. The reservoir, which is intended primarily 
for water supply, will supply, through a 14-ft-diameter 
penstock, a 50-MW plant now under construction by 
the New South Wales Electricity Board. Construction 
of the dam took about 12 years, and involved the 
placing of 1,620,000 cu yards of concrete in the main 
wall, which was completed early last year. As an- 
nounced in WATER PowER, December 1960. p. 456, 
the dam was officially inaugurated last October. 
(Australian Civil Engineering and Construction, 
Vol. 2, No. 3, December 3, 1960.) 


CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order so avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 


EDITORIAL ASSISTANT 


A YOUNG ENGINEER (25-35) will shortly be required 
as editorial assistant to this journal. His qualifications and 
experience should preferably be in civil or hydraulic engi- 
neering or in corresponding laboratory work. An aptitude 
for technical writing is essential and some knowledge of 
languages would be an advantage. The right candidate would 
be trained with a view to the eventual editorship. Applica- 
tions should be addressed to The Editor, WATER POWER, 
33 Tothill Street, Westminster, London, S.W.1. 
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Shop assembly of a five-jet manifold for one of the 
two 28,750 h.p. Impulse Turbines for Kundah No. 1. 





Polishing the 1 runners—at left, a 50,000 h.p. turbine, 
at right, one « =e 28,750 h. = runners. 


ee A ee aan = Si - 
Shop- testing one a the 2’6” spherical valves for 
Kundah No. 2 at a pressure of 2,140 psi. 


Write for Bulletin 201-59 — 


DOMINION ENGINEERING 





“IT MAKES LIGHT 


WHERE THERE WAS DARK.” 


Rangaboyan said that. He is foreman of a 
crew pouring concrete for the Kundah Hydro- 
Electric Project in Madras. 

It would probably not mean much to Ranga- 
boyan if you told him that there are two 
Dominion Impulse Turbines at Kundah No. 1, 
developing 28,750 h.p. each under a head of 
1,186 feet, and four turbines at Kundah No. 2 
producing 50,000 h.p. each under 2,470 feet, 
and that Dominion Spherical Valves can shut 
off each turbine and hold back this enormous 
water pressure. 

He might agree politely to your statement 
that the Kundah Development is one of the 
largest Colombo Pian Projects, and that its 
total cost will amount to $70,000,000. 

And he wouldn’t know what you were talking 
about when you told him that Kundah’s total 
annual capacity of about 8 million KWH is 
enough to increase the present per capita 
consumption in Madras by 50% —from 36 
KWH to just over 50 KWH. 

Rangaboyan, you see, cannot read or write. 
Yet he said it all with simple directness—“‘it 
makes light where there was dark’”’. 


“Hydraulic Turbines” — to 


COMPANY LIMITED 
Head Office: P. O. Box 220, Montreal, Canada e Branch Offices: Toronto— Vancouver 
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In keeping with the world trend toward 
a more extensive application of 400kV 
power transmission, Japan is now adopt- 
ing the higher rating instead of the 
conventional 275kV as has been used in 
the past. This changeover has been re- 
flected in intensified research activities at 
the ultra-high power transmission testing 
laboratory incorporated in our new plant 
at Hitaka. A recent technical tieup with 
the famous Swedish firm of Liljeholmens 
was yet another progressive step, and 
has already resulted in the development 
and successful testing of a SOOkV class 
| x540mm2 OF cable. Tomorrow’s 400k V 
era will find us ready, as usual, at Hitachi. 
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A 4/2 Sheets Paper Lapping Machine 


L.Utd. 


het 


Cable Address: ‘‘HITACHY'' TOKYO 
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HEAD WATER LEVEL 
AND 
SAFETY GOVERNORS 


\\\ FLOW CONTROL 
EQUIPMENT 
GEARS 


DREES+CO.GMBH ‘*. 
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RIVER SEVERN 
CROSSING TOWERS 
500-FT. HIGH 


Main Contractors: J. L. Eve Construction Co. Ltd. 


By courtesy of Central Electricity Generating Board 


Tees Side Bridge 


& ENGINEERING WORKS LTD., 


MIDDLESBROUGH. TELEPHONE: 45501-6 
LONDON OFFICE: 56 VICTORIA STREET, S.W.!. TEL: ABBey 1613 


FABRICATED 
PIPEWORK 


Steel Piping, riveted or welded; straight lengths, 
bends and specials, from 10 in. diameter up- 
wards. Standard or special joints supplied. 
Pipeline construction in any part of the world. 


MECHANS 


IMITED 


SCOTSTOUN IRON WORKS, GLASGOW, W4. 


Telephone: Scotstoun 2211 
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Six single-phase transformers, cooled by separately mounted radiators, 
forming two 75 MVA three-phase banks, ratio 11 + 5% 260 kV. These 
transformers have been supplied to C.E.B. (Consorzio Elettrico del Buthier), 
Turin, Italy, for the Valpelline power station; and they have the highest 
voltage in the Aosta Valiey power system 


Societa nazionale delle officine di 


savigliano 


Corso Mortara 4 - TORINO (ITALIA) 
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BALFOUR 


BEATTY 
& CO. LIMITED 


CIVIL AND ELECTRICAL ENGINEERS 
AND CONTRACTORS 





Comprehensive Engineering Service 


for projects in all parts 
of the world 
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Head Office: Bow Bells House, 
Bread Street (Cheapside), London, E.C.4. 


Overseas 


CANADA : EAST AFRICA : NIGERIA 


MALAYA: PAKISTAN : IRA@ 
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THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation, 
and Railway News. It covers every phase of railway activity. 
It is truly said of this journal that it is ‘“‘ Read wherever there 
are Railways.’” Weekly 2s. Annually £5 by post. 


DIESEL RAILWAY TRACTION 
A monthly review of world-wide developmerits in diesel- 
engine design, practice, and maintenance and diesel railway 
traction operation. Monthly 2s. 6d. Annually 35s. by post. 


SHIPBUILDING AND SHIPPING RECORD 
The only publication with direct appeal to both shipowner 
and shipbuilder. Its world-wide news organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Weekly 2s. Annually £5 by post. 


COLLIERY ENGINEERING 
A practical journal dealing with all aspects of coal production; 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Monthly 2s. 6d. Annually £2 by post. 


COKE AND GAS 


A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks. Monthly 2s. 6d. Annually 35s. by post. 


THE RAILWAY MAGAZINE 


A popular magazine containing illustrated articles on Railways 
and Locomotives. Monthly 2s. 6d. Annually 35s. by post. 


NEW COMMONWEALTH 
Describes and illustrates significant developments in pro- 
duction, trade, transportation and related spheres in all 
countries of the Commonwealth. Monthly 2s. 6d. Annually 
£2 by post. 


THE iNDUSTRIAL CHEMIST 
A technical journal devoted to the progress of applied 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Monthly 2s. 6d 
Annually £2 by post. 


woopD 


“Wood” is the only magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees 
and timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Monthly 2s. 6d. Annually 35s. by post. 


FOOD PROCESSING AND PACKAGING 


A journal devoted to the manufacture, packaging, and marketing 
of processed foodstuffs. Monthly 2s. 6d. Annually £2 by post. 


WATER POWER 


A technical journal devoted to the study of all aspects of 
Hydro-Electric Development. Monthly 2s. 6d. Annually £2 


by post. 


MINE AND QUARRY ENGINEERING 


Articles of technical nature cover geology, modern methods 
of prospecting, the winning of ore and stone, the dressing of 
ore and minerals, and extraction metallurgy. Monthly 2s. 6d. 
Annually 35s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill Street, Westminster, London, S.W.| 
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Castings from a few 
ounces to 20 tons 


NON-FERROUS CASTINGS 
HIGH DUTY IRON CASTINGS 
PRECISION MACHINED 
BUSHES & BEARINGS. 


This intricate hollow design casting 
in aluminium-bronze is only one of 
the many different specials regular! 
produced each week by the BIRS 
foundries. Welded together from six 
separate sections to make a complete 
unit measuring 6 ft by 4 ft, the design 
is a patent of W. Knowles Trotman 
and used in the manufacture of paper 
and board throughout the world. We 
are specialists in the casting of 
specials — contact us today for full 
details of our facilities — and if 
you’ve a really difficult casting 
specification, send that too. 





gton and Newton 


Cons ult Birkett Bilin 


T. M. BIRKETT, BILLINGTON AND NEWTON LIMITED B 
HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND J 
Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7 LONGPORT, Phone: Newcastle, Staffs. 51433/4 

















KEEPING WINGS MOVING 
for over 86 years 


io ie, For nearly a century ‘Whites of Widnes’’ have 
“. been manufacturing and installing Aerial Rope- 
<n, tg, a ways, Cableways and Conveyors for 


ag é the speedy, efficient and reli- 












able transport of material. All 
over the world ‘Whites’ 
Aerial Ropeways embody- 
ing Automatic Tipping, 
\ Gripping and 
‘— Releasing Gear 

SS are in daily use. 






Established 
1869 


R. WHITE & SONS (Engineers) LTD. 
P.O. Box 2, WIDNES, LANCS. 


Telegrams: RAILS, WIDNES Telephone: WIDNES 2425 (3 lines) 
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Assembly at works’ of an 11150 kW Francis 
turbine for Pilmaiquen Power Station of Messrs 
Endesa, Santiago (Chile) 


Wheel of a 35 200 kW Pelton turbine for 
Lanzada Power station of Soc Vizzola Milan 


Witee! of a 35 750 kW Kaplan turbine for Ybbs 
Persenberg Power station of Osterreichische 
Donaukraftwerke. Wien 
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AE | 125-ton 


Synchronous Condenser 


a Fr 





... erected with a 5-ton crane 


This air-cooled outdoor-type AEI synchronous condenser, rated at 50,000 kVA 
1,000 r.p.m., is in service at the Torrente (Spain) substation of Hidroeléctrica Espafiola 
S.A. Despite the large capacity of the machine, its design permitted erection without 
the use of a heavy crane, the only equipment necessary being jacks, rollers, and a 


5-ton hoist. 


AEI Synchronous Condensers are in service in every continent 


Sizes range from 1,000 kVA upwards, and total capacity installed or on order exceeds 
700,000 kVA. 


Enquiries relating to synchronous condensers should 
be addressed to Large Electrical Machine Sales, Rugby. 


Associated Electrical Industries Limited 
Heavy Plant Division 
RUGBY & MANCHESTER, ENGLAND 














